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SOME CHARACTERISTICS OF UNITED STATES TEMPERATURES, 
? By Rosert DeC. Warp. 
(Harvard University, Jan. 3, 1922.} 


Introduction.—The present is a fitting time to consider 


‘anew the essential characteristics of the temperatures of 


the United States, and this because the material available 
for study is now more abundant and better standardized 
than ever before. In the new Atlas of American Agri 
culture, which has been in Fa ge ea by the United 
States Department of Agriculture for some years, there 
is a division devoted to Climate. This climatic portion 
contains a Temperature section, with three subdivisions, 
dealing, respectively, with Temperature, Frost and the 
Growing Season, and Sunshine and Wind. The only 2a 
tion of the Temperature Section thus far published in 
complete and final form is that on Frost and the ae 
Season.! The whole subject of frost is here presente 

with a detail not hitherto attained in any other area of 
equal size anywhere in the world.’ Several of the maps 
and diagrams which are later to be included in the Sun- 
shine and Wind section have been given advance publica- 
tion in the Monra_y WEATHER ReEview.’ But up to the 
present time none of the other new charts from the Tem- 
perature section have been published in any form or dis- 
cussed anywhere. By permission, and through the cour- 
oe of Dr. O. E. Baker, under whose supervision the new 


s of American Agriculture has been prepared, and of 

Mr. J. B. Kincer, who constructed many of the maps, 
and by permission of the Chief of the Weather Bureau, 
the present writer has been able to have sent to him such 
of the new charts as he desired to examine for the purpose 
of the accompanying article, and has been given the privi- 
lege of redrawing and of reproducing all of these charts. 
e is under very great obligations to Dr. Baker, not only 
for allowing the charts to be sent out of Washington, but 
also for eri ay, Hos a of them specially drawn, and in 
some cases for having photographs made of the originals. 
The whole discussion of temperature for the new Atlas 

is extraordinarily complete, especially if the size of the 
area covered is: eonaidared urthermore, it puts our 
whole knowledge of temperature conditions in the United 
States for the first time upon a sound and thoroughly 
scientific basis. We now have standard temperature 
charts based upon homogeneous observations covering 


1 Atlas of American Agriculture. on of O. E. Baker, 
Agriculturist. Part II. Climate. Contribution from the U. S. Weather Bureau, Charles 
F. Marvin, Chief. Section 1. Frost and the Season. By William Gardner 
Reed, assistant in agricultural phy, Office of Farm any eng ee 
‘arm Management. U.S. Agniculture, 

2) fg . Spillman, Chief. fol. Washington, D. C., 1918 (Advance 
‘Sheet, 2). pp. . 33. 

See R. Ded. Ward: Frost in the United States Geogr. Rev., vol. 7, 1919, pp. 339-344 
(a review of the above). : 

* Joseph: Burton Kincer: Sunshinein the United States, Mo. WEATHER REv., vol. 48, 
1920, pp. 12-17. Reviewed by R. DeC. Ward: A New Series of Sunshine Maps of the 
United States, Geogr. Rev., vol. 10, 1920, pp. 339-341. 
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a uniform period. The unusual completeness of the new 
discussion may be judged by the list of charts and curves 
included. 

The immediate object of the Atlas being to benefit 
agricultural interests, the needs of that group were pri- 
marily in mind in planning the sections on climate. 
Hence, while all of the maps and curves are of impor- 
tance, and will btm useful in a variety of investigations, 
there is naturally considerable detail which is not of im- 
mediate significance in a very general discussion like that 
here in hand. Hence reference is here made to such 
charts only as have a broad climatic significance. Those 
who are especially concerned with the more detailed mat- 
ters of climate and crops will find abundant and most 
valuable material in the other charts which are listed 
below (Footnote 4), but are not otherwise referred to in 
the following discussion. 

The larger temperature relations—The larger facts re- 
garding are best seen on the world isother- 
mal maps which show the course of the (sea-level) iso- 
therms over the oceans as well as over the lands.’ The 
isotherms show certain systematic deflections as they 
pass from ocean to ocean across North America. Thus, 
in the higher latitudes, there is a marked poleward 
deflection in the northeastern Pacific, and a more mod- 
erate equatorward deflection in northeastern North 
America. In middle and lower latitudes, per contra, 
there is an equatorward deflection as the isotherms ap- 


4 The contained in a letter from Mr. R. G. Hainsworth, head drafts- 
. plates. Fig. A, an identification map showing the drainage, culture, and 
y summer temperature. Fig. 72 is a 


at 
shows, in = form of a graph, the daily minimum and maximum temperatures at 
stations. 

Fourteen maps, 7 by 11, inches. Twelve of these show the average monthly tem- 

ures. Fig. 5 shows average winter temperatures, December to February, 
sive. Fig. 7 shows the average annual minimum temperatures. 

Sixty-five mars, 3 by 5} inches. Fig. 8 the lowest temperatures ever observed and 
the number of times in 20 years the lowest temperature was 6° or more below the average 
temperature: fig.9, the number of times in 20 years the winter temperature was 9° or 
more below the average winter temperature; fig. 10, the number of times the maximum 
temperature was 32° or lower; fig. 11, the average annual number of days with the mizxi- 
mum temperature 32° or lower; fig. 13, the = daily maximum tem ture for Jan- 
uary; fig. 14, the av’ minimum temperature for January; fig. 15, the highest monthly 
mean temperature for January; fig. 16, the lowest mean monthly temperature for Janu~ 

a 9 ~o;8 are available for the 11 other months of the year. 

g. 73 sbe-;s the average date when the mean daily temperature rises above 35°; 
fig. 74, the average date when the average daily temperature rises above 45°; fig. 75, the 
a date when the average daily eer te ye rises above 55°; fig. 76, the average 
date when the average daily temperature above 65°; fig. 77, the average date when 
the average daily temperature falls below 65°; fig. 78, the average date when the av’ 
daily temperature f below 55°; fig. 79, the average date when the average 
temperature falls below 45°. 

. 81-84 show the mean daily temperature range for January, April, July, and 


October. 

Fig. 1,8 shows the annual march of temperature and sunshine by means of 
mon eee So taeert ph, fig. 85, shows the daily march of temperature (selected 
stations), Fig. 87, the last in the temperature section, shows graphs of thermo- 
grams 


+ See, @. g., the Challenger charts, reproduced in Atlas of Meteorology, pls. 1, 3: text, 
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proach the continent from the Pacific; a poleward loo 

ing as they enter the continent, and then another gentle 
equatorward trend as they approach the Atlantic. These 
deflections, similar to, but more marked than, those 
found in corresponding latitudes of Eurasia, result in a 
crowding of the isotherms on the eastern coasts of the 


northern continents, and a spreading apart on the eastern — 


sides of the northern oceans. The opposite sides of the 
North Atlantic show this contrast at its best. “In 
western Europe, one may travel a thousand miles north- 
ward without finding so great a change of mean annual 
temperature as would be found in a voyage of half that 
distance along our eastern coast.”’ ° 

These systematic isothermal deflections follow very 
closely, and are chiefly due to, the general flow of the 

eat ocean currents. The a of the isotherms on 

e west coast of North erica depends upon the 
equatorward-flowing cool return current in the lower 
latitudes, off the coast of California and of Mexico, and 
upon the poleward-flowing warm eddy which circles 
around the Bay of Alaska. On the east coast, the 
isotherms in the higher latitudes are carried equator- 
ward by the cold Labrador Current, while, farther south, 
the warm Gulf Stream carries them poleward. 

These mean annual sea-level world-isotherms represent 
approximately the conditions of spring and autumn. 

mparing them with those for January and for July, the 
midwinter and midsummer months, it is seen that in the 
middle and higher latitudes the mean annual isotherms 
are a weak reproduction of those of January. In lower 
latitudes, on the other hand, the systematic deflections 
of the former resemble those of July. The cold winters 
of the central and northern interior may thus be said to 
control the course of the mean annual isotherms over the 
higher latitudes, while the hot summers of the southern 
portion of North America leave their mark on the course 
of the annual isotherms in the lower latitudes. 

In comparison with the mean temperatures of the differ- 
ent latitudes, most of North America is too cold in winter 
(January). A district of abnormally low temperatures 
(20°-30° F. below the general mean for the latitude) 
centers over Hudson Bay and the adjacent lands. 
Another, of abnormally high temperatures (20° F. 
above the mean of the latitude), appears over the warm 
waters of the Bay of Alaska. Lying to leeward of this 
latter district, a considerable strip along the Pacific coast, 
extending from Alaska to as far south as southern Cali- 
fornia, is warmer than the means of its latitudes.’ The 
isanomalies * are less marked in July. North America 
as a whole is somewhat warmer than the mean tempera- 
tures of its latitudes in July. The greatest plus departure 
(10° or more above normal) occurs over the western 
interior deserts of Nevada and Arizona. The regions of 
Hudson Bay and of Labrador, and the Pacific coast, are 
too cool. In the mean for the year, North America, with 
the exception of its west coast, is colder than normal for 
its latitudes. 

Mean annual, monthly and seasonal isothermal charts 
(actual temperatures): General*’—The fundamental iso- 
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thermal charts are those for the year, the twelve months, 
and either the four seasons or the two opposite seasons 
of summer and winter. With the exception of the mean 
annual chart, this whole series has been constructed 
anew, on a uniform basic period, for the Atlas of American 


_ Agriculture, The new charts show actual temperatures, 


not reduced to sea-level. They supersede all other 
existing isothermal maps of the United States, and will, 
for years to come, remain the ‘‘standard set.” 
ean annual temperatures.—Certain broad generaliza- 
tions regarding the distribution of the mean annual tem- 
—— over the United States are readily made.” 
ith a wide range of latitude, with two flanking oceans 
on the east and west, and a warm gulf on the south, it is 
inevitable that the United States should show consider- 
able differences of temperature between north and south, 
and between the narrow windward west coast and the 
interior. Roughly, east of the one hundred and fifth 
meridian the northern tier of States has 40°-50°; the cen- 
tral tier, 50°-60°; the southern tier, over 60°. The Lake 
Superior region has below 40°, and southern Florida and 
southeastern Texas, over 70°. The east-and-west course 
of the isotherms is modified by the Appalachian mountain 
system, where the lower temperature, due to elevation, is 
indicated by the equatorward deflection of the isotherms. 

West of the one hundred and fifth meridian the chart 
is far from satisfactory, owing to the deficiency of obser- 
vations over the mountains and plateaus. Tempera- 
tures over 70° are indicated in southwestern Arizona and 
southeastern California. Most of the northern portion of 
the plateau district (north of lat. 38° N.; and, in the 
i ahah ai part of the district, as far as lat. 35° N.) has 
45°-50°. There is a decrease along the Pacific coast 
from 65° in the south to 50° in the north. Deflections 
and irregularities due to topography are especially 
marked over the southwestern interior. A comparison 
of the temperatures on the Pacific and the Atlantic 
coasts shows that these do not differ appreciably in middle 
and lower latitudes. In the north, however, the Pacific 
coast is distinctly the warmer. Thus, at latitude 45° on 
the Pacific, the mean annual temperature is between 50° 
and 55°; on the Atlantic it is between 40° and 45°. San 
Diego, Galif., and Charleston, S. C., on the other hand, 
both in the same latitude, have almost the same mean 
annual temperatures. 

Midwinter and midsummer average temperatures.—The 
new series of charts showing the average monthly tem- 
peratures gives, for the first time, an accurate and de- 
tailed picture of the actual distribution of temperatures, 
month by month, over the United States. The isotherms 
are drawn for 5° intervals. For roughly two-thirds of the 
country, to the east of the Rocky Mountains, the iso- 
therms run fairly smoothly and symmetrically, but show 
the effects of the Appalachian topography in the warping 
and local irregularities of many of the ines over that sec- 
tion. Over the western plateau and mountain area, on the 
other hand, there is much irregularity, close crowding, 
and difficulty in making any broad, accurate generaliza- 
tion. It is for this western area in particular that the 


* W. M. Davis: Elementary Meteorology, p. 66. 

1 Charles F, Batchelder: A New Series of Isanomalous Temperature Charts, Based on 
Buchan’s Isothermal Charts, Amer. Met. Journ., vol. 10, 1893-94, pp. 451-474. The 
charts are reproduced in the Atlas of Meteorology, pl. 2; text, p. & 

8 Sy a from the mean temperature of the latitude. 

*R . Ward: Bibliographic Notes on the TemperatureCharts of the United States. 
Mo, WEATHER REV., Vol. 49, 1921, pp. 277-280. In addition to the publications cited 
in the foregoing, and in a further paper by the present writer (A Short Bibliography of 
United States , Journ. , tng vol. 17,1918, pp. 137-144), reference may here 
— tothe following publications of the last 15 years which deal with temperature 


W. B. Stockman: Temperature and Relative Humidity Data, Bulletin 0, U. S. Wea- 
ther Bureau. 4to. Washington, D. C., 1905, Contains tables of maximum and mini- 
mum temperatures recorded at Weather Bureau stations in each month from the 
beginning of observations to the end of December, 1904; also the mean monthly and 


mean annual maximum and minimum temperatures, and charts showing the absolute 
maxima and absolute minima. 

F. H. Bigelow: The ~~ Normal Temperature and the Daily Normal Precipitation 
in the United States. Bulletin R, U. 8. Weather Bureau. 4to. Washington, D. C., 
1908. The daily normals are obtained by a process of smoothing. The monthly means 
are plotted; a curve is drawn through these twelve points, and the temperatures for 
each day are then scaled off. 

F. H. Bigelow: Report on the Temperatures and Vapor Tensions of the United States. 
Bulletin 8S, U. 8, Weather Bureau. 4to. Washington, D. C., 1909. The statement on 
the title-page “reduced to a homogeneous system of 24 hourly observations for the 
33-year interval 1873-1905” is somewhat misleading. The means are not all re 
duced to the same period of years. Homogeneous refers only to the reduction to érue 


means. 
10 The latest chart of mean temperatureis that included in the setof Climatic 


annual 
Charis of the United States (U.S. Weather Bureau.) 
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_new charts, which show actual temperatures and are con- 


structed with due regard to topographic controls,’ are 
such a great advance over all earlier ones. 04, 10 
The greatest differences in temperature between 
different parts of the United States occur in winter, and 
it is then that the contrasts between land and water 
controls are most marked (chart 1). In midwinter 
(January), the extreme continental effect is seen in the 
occurrence of mean monthly temperatures of below: 10° 
over the northern interior, between the Great Lakes 
and the Rocky Mountains, and in northernmost Maine. 
January means below zero are indicated on the northern 
border of North Dakota and Minnesota. The equator- 
ward deflection of the isotherms over the northern 
interior region is a striking feature, which emphasizes. 
among other things, the fact that the western border o 
the Great Plains and the eastern foothills of the Rocky 
Mountains are warmer, in spite of their greater elevation, 
than the lower-lying country farther east. The general 
tendency of the eastern and southern isotherms to bend 
in uniformity with the Atlantic and Gulf coasts shows a 
tempering effect of the ocean and Gulf waters, which, 
however, is not very marked owing to the general prev- 
alence of offshore winds. Along the northern shores 
of the Gulf of Mexico, temperatures of 50°-55° are found. 
Southern Texas and most of Florida have over 55°. 
Going south from Duluth to New Orleans, or from the 
coast of northern Maine to southernmost Florida, the 
January mean temperatures increase at the rate of 
about 2.5° for each latitude degree (70 miles). The 
popularity of southern winter resorts is thus easily ex- 
plained. Health seekers and “warmth seekers” find 
the average monthly temperature in January increasing 
at the rate of about 1.5° for every hour of travel south- 
ward in a fast express train. ere are two or three 
areas in the eastern United States where marked local 
irregularities in the isotherms exist. The northern 
portion of the Hudson—Lake Champlain depression is 
clearly indicated as a district of local cold. e central 
Appalachians show an equatorward warping of : the 
isotherms, and the occurrence of low mean temperatures 
in certain valleys. A third, and more notable, local 
irregularity is seen in the Lake region. The moderating 
influence of the open waters is carried to leeward by the 
revailing westerly winds, so that certain stations on the 
ee shores have somewhat higher winter means than do 
those on the opposite (windward) shores. The effect is 
clearly shown in the case of Lake Michigan, where the 
isotherms of 20° and 25° are bent poleward over the 
Lake and equatorward again over the lower peninsula 
of Michigan. The general spreading and warping of all 
the isotherms in the Lake region is another indication 
of the local effects due to the Lake waters. Several 
writers have called attention to this situation." In one 
of the most recent of these studies, C. H. Eshleman has 
made a comparison of the temperatures at Grand Haven, 
Mich., on the eastern shore of Lake Michigan, with those 
at Milwaukee, Wis., on the opposite (western) shore, and 


has also compared Grand Haven with a group of inland - 


stations in the same latitude, in Wisconsin, Iowa, and 
South Dakota. During the colder season, the mean 
monthly temperatures at Grand Haven run 2°—4° higher 
than those at Milwaukee, and 5°-8° higher than those at 
the group of western inland stations. 


1 See, e. g. Alexander Winchell: The Isothermals of the Lake Region, Proc. Amer. 
Assoc, Adv, Sci., vol. 19 nore Be. 106-117; C. Abbe: The Influence of the Lakes on Tem- 
paetars of the Land, Mo. WEaTHER REV. 1900, 28, 343-345; W. F. er: Air and 

ater Temperatures, ibid., 1905, 33, 521-524: C.H. Eshleman: Climatic Effect of the 
Great Lakes as Typided at Grand Haven, Mich., Met’l. Chart of the Great Lakes, U. 8. 
Weather Bureau, Sept. 1913. 
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- Lorin Blodget, in his now almost:forgotten classic, 
emphasized several of the most striking characteristics 
of the winter temperature distribution in the United 
States.” He cailed attention to the occurrence of the 
lowest. winter temperatures to the west of the Great 
Lakes, “‘ the point of natural minimum ” being ‘‘broken up 
by the Lakes’’ whose location is “most fortunate for the 
cultivable districts of this part of the: United States.” 
He noted the diminished warming effect of the Gulf of 
Mexico in winter, owing to the “great relative refrigera- 
tion of the continent, generally, and the ee prev- 
alence of land (i. e., offshore) ‘winds; and called atten- 
tion to similar conditions along the Atlantic coast where 
“if the prevalent winds were reversed, the climate would 
be greatly softened.” | 
In the East, in spite of various irregularities in the 
isothermal system, the major ‘control over the tem- 
perature distribution is obviously latitude. The situa- 
tion is wholly different over the western mountain and 
plateau area. Here the ‘isotherms ‘are’ warped, and 
crowded or spread apart as the topography may deter- 
mine. Indeed, even broad generalization is unsatisfac- 
tory. A study of the map itself is the only way to gain 
a good view of the actual situation. It is true that 
latitude plays a considerable part in determining certain 
large facts. For example, while the southern deserts of 
Arizona and southeastern California have January mean 
temperatures over 50°, the northern plateau, in Wash- 
ington, has about’ 20°. But the deserts are of low alti- 
tude, while parts of the Washington’ plateau attain 
elevations of 1,500-2,000 feet. Beyond these large facts, 
the ee ee of the mountain and plateau area can 
not be adequately generalized. Under control of altitude 
and local topography, supplemented to some extent by 
latitude, the January isotherms vary from 15° to 55°. 
Further discussion would lead well into the field of local 
climatology. It should be observed, however, that the 
temperatures average higher west of the Rocky Moun- 
tains than they do to the east, although the altitudes to 
the west are greater. wis 
In the Pacific province a very’ striking feature is the 
rallelism of the westernmost isotherms with the coast. 
m north to south there is only a slight increase in 
temperature. The stations on the coast of southern Cali- 
fornia, for example, aré only a very few degrees warmer 
than San Francisco, and the extreme northern coast of 
Washington (40°+) is less than 15° cooler than the 
extreme southern coast of California (50°+). Latitude 


‘is obviously here a very subordinate control, especially 


when the Pacific coast is compared with the Atlantic. 
The rate of change of temperature along’ the entire 
length of this coast is only about 0.8° per latitude degree, 
which is less than one-third of the temperature gradient 
along the Atlantic coast in the same month. Clearly, 
the prevalence of onshore winds from a relatively warm 
ocean explains the moderate and noticeably uniform win- 
ter temperatures along this coast. Inland, various topo- 
graphic features are distinctly indicated in the isothermal 
system. The California Valley, the lower portions of 
which are inclosed by the 45° isotherm, is contrasted with 
the lower temperatiires of the Sierra Nevada. In south- 
ern California, the interior highlands are distinctly cooler 
than the seacoast. The Valley of Oregon is outlined by its 
own inclosing isotherms, as is the Columbia River Valley, 
where the isotherms indicate almost as well as contour 
lines the gap through the mountains. In Washington, 
the Olympics and the Cascades are notable features, with 


12 Lorin Blodget: “Climatology of the United States,” etc. Philadelphia, 1857. 
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their lower temperatures as compared with those of the 
neighboring lower lands. A comparison between the 
mean January temperatures on the Pacific and onthe 
Atlantic coasts: is interesting. The coast. of southern 
California has essentially the same temperatures as have 
the corresponding latitudes on the southern Atlantic 
coast. San Francisco is 10°~-15°. warmer than the cor- 
responding Atlantic coast. . The coast of northern Oregon 
is 20° warmer than the same latitude on the coast of 
Maine. The excess in favor of the Pacific coast thus 
increases to the north. 

The economic consequences of such winter tempera- 
tures as ale experienced in the United States are many 
and varied. Over the cold northern and. eastern sec- 
tions agricultural operations must largely wholly 
cease, and there is a general, abandonment of outdoor 
labor except in the case of certain oceupations, such as 
lumbering and ice cutting, which are best, or exclusively, 
carried on ‘in winter. Transportation conditions are to 
a considerable extent readjusted. There is difficulty 
with severe cold and deep snows. The heavy summer 
vacation travel to, the north and east ceases, but is 
replaced, to an increasing degree, by winter travel to 
the genial south. The close of navigation on the Great 
Lakes turns the transportation of freight to the railroads, 
or leads to a delay in shipments till spring. Many 
industries show seasonal controls, such as the manu- 
facture of heavy winter clothing, of overshoes, and of 
rubbers. There is need of heating cars used for_the 
transportation of food which is injured by cold. Even 
in the case of the shipment of iron ore, for example, as 
the ore freezes at. temperatures somewhat below 32°, 
precautions must be taken not to have it exposed long 
at low temperatures, Over the districts of moderate 
or warm winters, on the other hand, as in the case of 
‘the Southern and Pacific Coast States, for example, 
outdoor and farming operations may continue all winter. 
The cooler months may, and usually do, bring a change 
in the character of the outdoor work, but not in its essen- 
tial nature. 

Very different are the conditionsin midsummer (chart 2.) 
The distribution of temperature is far more uniform in July 
than in January. Between the northern. tier of States 
(east of the Rocky Mountains), with mean temperatures 
of within a few degrees of 70°, and the southern tier and 
the Gulf States, with temperatures within a few degrees 
of 80°, the difference is so small that it attracts atten- 
tion. On the other hand, the temperature differences 
between north and south in January are striking because 
they are so large, In July, the rate of change of tem- 
perature between New Orleans and. Duluth is, in round 
numbers, only about 1° F. per latitude degree, while on 
the Atlantic coast, between Key West, Fla., and East- 
port, Me., itis about 0.8°. So far as the mean tempepa- 
tures alone are concerned, therefore, a long journey from 
south to north in search of decidedly cooler summers 
gives far less change than the corresponding trip from 


‘north to south in winter in search of much warmer and 


balmier climates. Other factors, however, serve to give 
the northern summer resorts their popularity. Amo 
these are the frequent spells of cool weather; the ad- 
yantages of cool fresh or salt. water bathing; the lower 
temperatures, due to elevation, found in the mountains 
of New England and New York; and other conditions. 
The July isotherms show quite clearly the cooling effects 
of the Appalachian Highland in the warping of the lines 
and in the occurrence of temperatures averaging 5°, or 
even 10°, below those of the surrounding lowlands. 
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The tempering effects of even relatively moderate 
altitudes are shown in an interesting way by the course 
of some of the isotherms which are prominent features 
of the July map in the eastern United States. Take the 
case of the 70°-isotherm, for example. This line follows 
along the eastern base of the Rocky Mountain system 
from southern New Mexico northward to northeastern 
Wyoming, and then makes-an abrupt turn eastward 
across the northern tier of States. Stations at no very 
great elevations in southern New Mexico are thus seen 
to have the same mean July temperatures as a long line 
of places reaching across northern South Dakota, central 
Minnesota, Wisconsin and Michigan, much of New York, 
and also southern New England. The situation is some- 
what similar, but less marked, in the case of the 75°- 
isotherm. The tempering effects of the Great Lakes 
may be seen in the warping of the isotherms. Grand 
Haven, Mich., has mean temperatures 1° cooler than 
those of Milwaukee, Wis., in July and August, and 3°-4° 
cooler, between April and August, than those of a group 
of inland stations on the same latitude west of Lake 
Michigan."* Michigan stations on the immediate Lake 
shore are naturally also cooler than those situated some- 
what inland, but this cooling influence on the mean 
monthly temperatures extends only to a distance of 20 
or 25 miles inland, according to Henry.'* Near the At- 
lantic coast the isotherms ‘‘double on themselves ab- 
ruptly,” as Blodget put it, indicating cooling “due either 
to the southward flowing cold surface currents or to the 
upwelling of cold water.”'* The northern coast of Maine 
has notably cool summers, cooler than those of the eastern 
coast of Asia in the same latitude. 

Over the western Plateau province, the isothermal 
map is essentially a rough contour map. July mean 
temperatures below 55° are shown in certain portions of 
the Rocky Mountains in Montana, Wyoming, Colorado, 
Utah, and northern New Mexico; also on the Cascades 
of Washington and Oregon and the Sierra Nevada of 
California. Much of the Plateau province has from 65° 
to 75°. The highest monthly mean (over 90°) occurs 
over a restricted area of southwestern Arizona and 
southeastern California. This ‘heat island’? is much 
smaller and less conspicuous than it appears on earlier 
charts, as, e. g., on the Challenger July (sea-level) iso- 
thermal chart, where the 90°-isotherm incloses a con- 
siderable part of the Southern Plateau region. The close 
crowding of the isotherms on the mountain and plateau 
slopes; the distinctly lower temperatures at the greater 
elevations, and the contrast between the excessively 
heated southern deserts and the much cooler, more 
elevated, stations not far away, are the most strikin 
features in this western interior district. The effects o 
altitude are here so considerable that latitude and land 
and water controls are of relatively subordinate import- 
ance. Hence the popularity, at least in part, as summer 
vacation resorts, of the mountains of Colorado; of Yellow- 
stone National Park, and of other parts of the Rocky 
Mountain district. , 

On. the Pacific slope (Pacific province) there are three 
very striking features on the map. (1) The seaward 
isotherms closely parallel the coast line, giving, as 
Bledget remarked, “almost absolutely equal tempera- 
tures’ along this coast.’ One may travel from the Strait 


18 C, H. Eshleman, loc. cit. 

M4 See also H. J. Cox and J. H. Armington, The Weather and Climate of Chicago. 
Large 8vo. Chicago, Ill., 1914, pp. 37-46, 142-145, on the influence of Lake Michigan on 
of Meteorology, 
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of Juan de Fuca as far south as'San Francisco without 
any change in the mean monthly temperature, and con- 
tinue the trip to the southermost part of the ‘coast 
without reaching a mean temperature as high as’ 70°. 
The temperature gradient along the entire length of the 
Pacific coast, from San Diego to the Strait of Juan de 
Fuca, is only 0.7° per latitude degree, i: e.,) one may 
travel north nearly 1,200 milés without changing the 
mean temperature more than about 12°, or 1° to 100 
miles. (2) A second notable feature is the extraordi- 
narily rapid temperature gradient between the immediate 
seacoast of southern California, with its cool summers 
resulting from the prevailing onshore winds, and’ the 
_— eated interior desert of southeastern California. 

he west-east gradient from the coast to the southern 

rtion of the San Joaquin Valley is also very ‘rapid. 
his henomenon “of the juxtaposition of Scottish and 
mid-African summer conditions” is almost, if not quite 
unique.” The superheating of these interior districts 
is due to their low latitude, abundant sunshine, dry air 
and effective inclosure from the sea. (3) The ‘third 
feature is the marked contrast between the higher tem- 
peratures of the interior valleys and the cooler mountain 
slopes. ‘This is especially well seen in California, where 
the Sacramento-San Joaquin Valley stands out clearly 
by reason of its fairly uniform high temperatures. The 
increasing resort to the Sierra Nevada during the summer 
months finds a simple explanation in these conditions 
of temperature. This to phic control is naturally 
less marked farther north. The summers on the Pacific 
coast are as a whole several degrees cooler than those 
on the Atlantic. , 

Average winter and summer temperatures.—-The average 
temperature of the three winter months is shown in chart 
3 whieh summarizes, in a convenient form, the temper- 
ature conditions of this season. Owing to difficulties 
in reproduction, it is necessary, unfortunately, to omit 
the chart showing the average temperature of the three 
summer months. However, reference to chart 2 will 
reveal the essential characteristics of the summer season. 

Mean annual ranges of temperature—The seasonal 
contrasts in temperature are conveniently summarized. 
by means of the so-called mean annual ranges, which 
shows the difference between the mean temperatures of 
the warmest and coldest months.” 

Previous charts were based on sea-level, not on actual, 
temperatures. The new isothermal charts for January 
and July have now made it possible, by a comparison of 
the lines of actual temperatures for these two months, to 
study for the first. time in great detail the ranges in all 
parts of the United States. , 

The greatest differences between the mean tempera- 
tures of January and of July are found over the northern 
interior region between the Rocky Mountains and the 
upper Lakes, viz, 55°-60°, and even slightly over 60° 
in some cases. From this center, the ranges decrease 
in all directions. 11! 

It is to be observed, however, that the continental 
characteristics of warm summers and cold winters pre- 
vail even to the extreme limits of the land area to the 
east. The absence of any effective mountain barrier to 
the west, somewhat inland from the coast, and the preva- 
lence of offshore winds, explain this condition. ‘Thus, 


11 Atlas of Meteorology, p. 12. 

18 The standard chart of mean annual for the world, based on the Challenger 
sea-level isotherms for January and July, is that of J. L. 8. Connolly: A New Chart of 
Equal Annual Ranges of Temperature, ‘Amer, Met. Journ., Vol. 10, 1893-94, BP. 505-506. 
This chart is reproduced in Atlas of Meteorology, pl. 2; text, p. 8; in W. M, Davis: Ele- 
fig. 18, and elsewhere. No more recent chart is available for the 
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ranges of 40°-50° are found even ‘along the central and 
northern portions of the coast. ‘The modifying effects of 
latitude and of the Gulf of Mexico are seen in the some- 
what smaller rangés which prevail in the Gulf Province 
(25°-30°, or less). Most ‘of the rest of the eastern prov- 
ince has 40°-50°.. Over the southern Plains and much of 
the Plateau province the ranges run from slightly above 
to somewhat below'40°. 
The annual ‘migrations of the isotherms and of the tem- 
perature belts.—Too much emphasis upon the conditions 
m January and in July gives a misleading impression of 
the actual march of température through the year. It 
is important to have clearly in mind the fact of the con- 
tinual advance or retreat of the isotherms, not only 
month by month, but week by week, and even day by 
day. The isothermal chart of any one month is merely 
a “snapshot”’ of conditions which are in a constant state 
of flux. It represents no rigid, fixed, permanent situa- 
tion. It is, therefore, instructive to view the isothermal 
charts of the 12 months together. (Charts 1, 2, 4-13.) 
January and July are the extréme types. They simply 
show’ the limits reached during ‘the seasonal migration 
poleward and equatorward: Hach of the other mays is 
almost as important, in that it marks another stage of 
advance or retreat. With the northward advance of the 
sun, the succeeding months of late winter, spring and 
early summer show the —- rise in the temperatures 
everywhere, the changes being greatest over the northern 
and interior districts which have the greatest mean 
annual ranges. The seasonal northward advance of the 
isotherms is naturally most readily seen over the eastern 
United States, where the lines of equal température are 
well separated and follow more or less along the latitude 
circles. Even ‘a cursory glance at'the charts for January 
to June shows the northward movement of isotherms 
which are over the Gulf States in midwinter and travel 
northward so far that’ they leave the United States 
altogether, moving across the International Boundary 
into Canada. The gradual spreading apart of the eastern 


isotherms as the ‘season advances 1s also very obvious. — 


In January, 12 isotherms are shown between the northern 
Plains and the Gulf of Mexico. In July, when the con- 
tinent is well and very uniformly warmed, there are only 
three. Over the Plateau districts; the general system of 
the isotherms remains more or less the same, month by 


month, but the lines are on the whole somewhat more 


crowded during the warmer months in certain areas, in- 
dicating greater differences of temperature between low- 
lands and uplands in summer than in winter in those 
localities. e seasonal increase in all the'temperatures 
is readily seen if the figures on the chart are studied, On 
the immediate Pacific coast the parallelism of isotherms 
and coastline remains a constant féature on all the maps, 
and the seasonal changes in the actiial temperatures are, 
as already pointed out, relatively slight: 

During the cooling months ‘(August-Janua the 
isothermal system travels aigudttoreralt: Lines which in 
summer extended well north over the United States now 
travel so far south that they disappear from the map, 
e. g., the 70°- and the 75°- isotherms. In their place 
isotherms which in July were far north in the Arctic 
regions, or which did not even appear at sea level at all, 
gradually move equatorward ‘and one after another 
tem on the charts. Over the western mountains and 
plateaus, and to a less marked degree over the eastern 
Appalachians, the advance of the colder season means 
the gradual descent down the slopes, to lower and lower 
levels, of isotherms which during the colder months were 
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either far up on the upper slopes or even in the free air 
far above the tops of the highest mountains. Thus the 
sun is forever impelling advances and retreats, ascents 
and descents of all isotherms on all maps.. There is no 
such thing as a fixed condition of temperature distribu- 
tion. . When this conception is naga we in mind, iso- 
thermal maps have a new meaning. ey are no longer 
dead and rigid, but are full of movement, suggesting an 
infinite number of relations between the everchanging 
temperatures and.all of human life and activity. 

January and July have been referred to as everywhere 
the coldest and warmest months. This is true for the 
vast majority of stations, and in the long run. There 
are, however, a few stations exposed to marine influences 
on the Pacific coast, or on the Great Lakes, which have 
retarded maxima or minima. February may then be- 
come the coldest month or August the warmest. San 
Francisco is unique in having its warmest month Se 
tember, and its October is actually warmer than its July 
and its August. This peculiar conditions results from 
the prevalence of strong onshore winds blowing through 
the Golden Gate in summer and induced by the excessive 
heating of the interior valley. The hotter the valley the 
more marked are these inflowing cool winds from the 
Pacific Ocean. 

The advent of spring.—The so-called “advent of spring” 
may be said to occur when the physiological life of trees 
and plants awakens, after the quiescent stage of the colder 
months. The temperature of 42.8° F. (6° C.) being about 
that at which the life of the plant cells begins to stir, a 
chart showing the position of the isotherm of 43.8° (1° 
above 42.8°) at the beginning of February, March, April, 
and May may be taken as indicating the dates of the 
advent of spring in different sections of the country. 
Such a chart, proposed 30 years ago by Harrington, shows 
that spring really comes from the southward and west- 
ward, i. e., it advances northward and eastward.'® The 
progress is not a steady one, but occurs as a series of 
advancing and retreating fluctuations, associated with 
the occurrence of warm and cold waves, ‘‘each advance 
of warmer weather penetrating a little farther into the 
cold interior and voles successive chilling halting a little 
north of the southern limit of its predecessor, until 
finally * * * summer conditions are firmly estab- 
lished; ‘2 It has been pointed out by Henry that the 
statement concerning the advance of spring from south 
and west is really strictly applicable only to the northern 
portions of the Missouri, Mississippi, and Ohio Valleys.” 

the Pacific coast plant activity, to a greater or less 
degree, continues through the colder months, and over 
the rough and broken topography of the Rocky Mountain 
and Plateau districts frequent local spring frosts, following 
warm days, interfere with the orderly advance of spring. 

The temperature gradients and their economic et 
cance.—With the warm Gulf of Mexico in the south, and 
cold continent to the north, the January isotherms over 
the eastern United States must necessarily be olosely 
crowded, as already pointed out. TherapidJanuary pee 
ward temperature gradient on the Atlantic coast from 
southern Florida to northern Maine (about 2.5° per lati- 
tude degree), already referred to, remains essentially the 
same if Labrador be taken as the north end of the scale in- 
stead of Maine. Considering the distance, this is the steep- 
est temperature gradient in the world. Where such rapid 
temperature gradients occur elsewhere, they are limited 
to much shorter distances, as, e. g., in the case of the 
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opposite sides of mountain ranges. It is a noteworthy 
fact that in the United States there are no transverse 
mountains to help in the production of this remarkable 
contrast between north and south. Woeikof first called 
attention to the economic importance of this steep tem- 
perature gradient.” The products of tropical and of 
polar lands are here separated by less distance than is 
the case anywhere else in the world. At the same time, 
communication between these districts of sharply con- 
trasted climates and types of vegetation is easy. lam 
dor is an Arctic land, where man’s food must be sought 
chiefly in the ocean. Florida, on the other hand, is in 
many respects tropical. This idea has been somewhat 
expanded by Miss E. C. Semple.” “This approximation 
of contrasted climatic districts in North America was an 
immense force in stimulating the early economic develop- 
ment of the Thirteen Colonies, and in maturing them to 
the point of political autonomy. It gave New England 
commerce command of a near-by tropical trade in the 
West Indies, of subtropical produets in the southern 
colonies in close proximity to all the contrasted products 
of a cold climate—dense forests for naval stores and 
lumber, and an inexhaustible supply of fish from polar 
currents, which met a strong demand in Europe and in 
the Antilles. The sudden southward drop of the 0° C. 
annual isothermal line toward the St. Lawrence and the 
Great Lakes brought the northwestern fur trade to the 
back gate of New Tonk where it opened on the Mohawk 
and upper Hudson, and brought prosperity to the young 
colony.” 

A steep poleward temperature gradient is a perfectly 
normal condition on the east coast of continents in 
middle latitudes, as a result of the prevailing winds and 
the system of ocean currents. Nevertheless it is sig- 
nificant that the January poleward gradient in eastern 
North America is nearly twice as great as that in eastern 
Asia (about 1.5°). The explanation was given by 
Woeikof. North America has a warm body of water— 
the Gulf of Mexico—on the south. There is also an 
increasing prevalence of warm (SW.) winds toward the 
southern portion of the Atlantic coast district, while 
cold northwesterly winds distinctly predominate in the 
north. In eastern Asia, on the other hand, cold offshore 
winds prevail as far south as the Tropic, and a cold 
land occupies the position of the Gulf of Mexico. North 
of latitude 50° N* the mean annual temperatures in 
eastern Asia and eastern North America are more or 
less alike. Farther south, eastern Asia becomes dis- 
tinctly colder, especially in winter. As Hann put it, 
“comparing eastern Asia with eastern North America, 
the latter is not too cold in the north but too warm in 
the south. It is to this fact that the more rapid change 
of temperature with latitude in North America is due. 
The winters on the east coast of Asia are more severe 
than those on the American coast. Even the interior 
of America is much warmer than the east coast of Asia 
in corresponding latitudes.’”** A comparison between 
eastern North America and the west coasts of Europe 
and of northern Africa was apparently first clearly made 
by Humboldt, who pointed out that the mean annual 
temperatures found in the higher latitudes (55°-70° N.) 
on the European side of the Atlantic occur 10°-12° of 
latitude farther south in North America. In middle 
latitudes (about 45° N.), this difference decreases to 
about 4°-5° of latitude. At latitude 30° N. the d:ffer- 
ence between the two sides of the Atlantic disappears. 


MW. : "The Advent of Spring, Mag., May, 1804, pp. 874-879. 
A.J. Henry: Climatology ofthe Uni tates 


312A. Woeikof: Die Klimate der Erde, 1887, PP. 43-44. 
% Ellen C, Semple: Influences of Geographical] Environment, 1911, p. 618. 
* J. Hann: Handbuch der Klimatologie, 3d ed., vol. 3, pp. 354-356. 
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The January poleward temperature gradient’ on the 
west coast of Europe is skehtle low than 1° F. per lati- 
tude degree, as against more than 2.5° F. in eastern 
North America. The January gradient along the whole 
Pacific coast of North America as far as Sitka, Alaska, 
is essentially like that of Europe, and is thus only slightly 
over one-third of that along the whole Atlantic coast. 
The July gradients on the west coast of Europe (0.65°) 


and the east coast of Asia (1°) may be compared with - 


those on the Atlantic coast of North America (about 1°) 
and the Pacific coast of North America (about 0.7°). 

The occurrence of months and of seasons warmer or colder 
than normal.—It is a widespread popular belief that in- 
dividual months, in different years, are often much 
warmer or colder than the normal for those months. 
The expression is a familiar one, ‘‘this February was the 
coldest I ever experienced,” or ‘‘September was the 
hottest I remember.” This belief is epee based, not 
on the fact that the mean temperature of the month 
in question may have been a degree or so higher or lower 
than the normal for that month, but rather on the values 
of the highest and lowest temperatures, and on the way 
in which these were distributed, i. e., on the ‘‘spells” of 
heat or cold, and on their severity. In fact, it frequently 
happens that people think that a month was colder than 
normal when its mean temperature was actually some- 
what above the normal, and vice versa. In other words, 
the departure of the mean monthly temperature from the 
normal can not, in most cases, be estimated by the general 
impression of heat or cold which the month made. 

t is a fact that the mean temperature of the same 
month in different years does depart a considerable 
amount, over much of the United States, from the general 
mean temperature of that month as derived from the 
whole series of observations. Almost any random pub- 
lication which includes the monthly mean temperatures 
for a series of years, or which gives, for any single year, 
the ae of the mean monthly temperatures in that 
year from the normal, will furnish illustrations of this 

int. It is, for example, no uncommon thing in any 
individual year to have December or February colder 
than January, although in the run of the years January is 
the coldest month. en the average of the departures 
from this general mean are determined (regardless of 
whether they are + or —), the mean departures of the 
monthly means from their average values are obtained.*® 
The calculation of such data is laborious, and has not 
been carried out to any considerable extent. The avail- 
able results are, however, sufficient to warrant broad 
generalizations. Supan and Hann determined mean 
departures of the monthly means for certain parts of 
North America.* Henry has given the most recent 
tabulation, for a few stations only, from which it appears 
that the January departures are of the order of 6°-7° on 
the northern Plains. From this region of maximum 
average departures there is a decrease to the west, south, 
and east. The departures for January on the Pacific 
coast are of the order of 2° to about 2.5°; over the south- 
ern Plateau, the Southern Plains, and the Gulf States, 
about 3°; 3°-4° in the Lake region, New England, and 
the central tier of States east of the Rocky Mountains 
generally. In July, all these departures are reduced to 
one-half, or less than one-half.” The mean temperatures 
of winter months in the interior of North America are as 


% Also known as the variability of the monthly mean me yee 

% J, Hann: Handbuch der e, 3d ed., Vol. I, p. 26; Lehrbuch der Meteorolo- 
gle, 3d ed., p. 110; A. Supan: G ge der Physischen Erdkunde, 34 ed., 1903, pp. 
- At. Henry: The Climatology of the United States, Bulletin Q, U.S. Weather Bureau, 
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a whole subject to greater fluctuations than is the case 
in northern Germany, and almost twice as great as those 
in England. 

e such variations in the mean temperatures of 
the individual months in different years are significant, 
they are of slight physiological interest. (1) These 
differences come a year apart. (2) The monthly means, 
as has been stated above, are usually not values which 
can be determined by one’s sensations. (3) Further- 
more, within a year, many other fluctuations of tempera- 
ture occur, much closer together and of much greater 
amount, which are directly observable and have many 
direct physiological and economic effects. 

Extreme limits of the mean me ee of individual 
months.—People are also naturally interested in know- 
ing what mean temperature the coldest January, or the 
warmest February, ete., on record, actually had. When 
such data are available, a chart may be drawn showin 
just what difference there has been, within the perioc 
of record, between the mean temperatures of any given 
month. Such charts have been constructed by Henry, 
and published in 1906.% They show what is known as 
the absolute range of the monthly mean temperatures. 
Over a large portion of the central United States, in- 
cluding nearly all of the Missouri and the middle and 
upper Mississippi valleys, the mean monthly tempera- 
tures of January have differed by 25° and more. To 
illustrate, a station whose January mean temperature is 
10° may have had one January with a mean of 25°, 
and one with a mean of 0° or even slightly below. Such 
departures, having occurred during a relatively short 
period of observation, are of course likely to occur again, 
and even to be exceeded. From the interior district of 
the largest ranges there is a decrease in all directions. 
Over the Atlantic and Gulf coasts the oscillation of the 
monthly means is roughly 15°-20°. On the Pacific 
coast and in the southwestern interior it is smaller 
(8°-16°). In July, the amount of such oscillations is 
about one-half of those of January. The California 
coast has essentially the same conditions in the two 
months. 

In connection with this same subject, charts 14 and 
15 are interesting. They show the lowest monthly mean 
temperatures recorded in January and in July during 
the period 1895-1914, as shown by the records of about 
200 regular Weather Bureau stations. Chart 14 should 
be compared with chart 1, and chart 15 with chart 2. 
It will be observed that the lowest January mean tem- 
peratures have run about 5°-10° below the average mean 
temperatures, the departures being smallest on the 
Pacific coast and in Florida. In July, as is to be ex- 
pected, the departures are smaller, being about 5°, or less. 

Traditions regarding unusual seasons.—As far back as 
tradition and the non-instrumental record of white men 
in the United States extend, there are references to the 
occurrences of “unusually” severe or mild winters, and 
of “unusually” hot or cool summers. There were 
winters in northern sections when there was little ice; 
when flowers blossomed outdoors; when the ground was 
hardly frozen. There were also winters when the 
intense cold lasted almost without interruption; when 
snows were deep; when outdoor occupations and trans- 
portation were preatly interrupted. In the Records of 
the Roxbury (Mass.) Church, kept by Rev. John Eliot, 
the Apostle to the Indians, the winter of 1646-47 is 
decanted as having brought “no snow all winter long, 
nor sharp weather,” so that it was possible to “go 


% Loc. cit., Charts XVII, XVIII. 
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reach to the Indians all this winter, praised be the 
rd.” Similarly, there are accounts of “unusually” 
hot, and of unusually cool summers. The summer of 
1816 was a ‘‘record-breaking” one. Chauncey Jerome, 
who was then living in Bristol, Conn., wrote: ‘I well 
remember on the seventh of June, while on my way to 
work, about a mile from home, dressed throughout with 
thick woolen clothes and overcoat on, my hands got so 
cold that I was obliged to lay down my tools and put on 
a pair of mittens which I had in my pocket. It snowed 
about an hour that day.’’ And again: “On the fourth 
of July I saw several men pitching quoits in the middle 
of the day with their overcoats on.” * 

Recent studies of exceptional seasons.—It is, however, 
only-very recently that any detailed studies of the actual 
temperature conditions of such abnormal seasons have 
been made. To take a recent example, the winter of 
1917-18 was remarkably cold, with heavy snowfalls, over 
an enormous area east of the Rocky Mountains. The 
autumn months were in many cases the coldest on rec- 
ord. December and January “defied the memories of 
the oldest inhabitants;’’ new minimum temperatures 
were pegtened far and wide. Heavy snows, with in- 
tense cold, brought serious economic and transportation 
disturbances over northeastern districts. Even in the 
South, truck gardens and fruit crops were seriously 
damaged. On January 12, 1918, a blizzard, with snow 
driven by a gale and at a temperature as low as —20°, 
resulted in an almost complete interruption of traffic 
during two days.” 

The winter of 1920-21, on the other hand, was one of 
unusual and persistent mildness east of the Rocky Moun- 
tains. Kincer has given a graphic description of the 
“involuntary climatic travels’? made by the inhabitants 
of different portions of the eastern United States. The 
high temperatures were the equivalent of travel over con- 
siderable distances to the south." ‘‘The people in cen- 
tral North Dakota, climatically speaking, spent the winter 
near the South Dakota-Nebraska boundary line; those at 
Sioux City, lowa, at Kansas City, Mo.; southern Indiana 
in northern Tennessee, and Washington, D. C., in southern 
Virginia.”’” In 1919-20, a colder winter than usual, 
“Richmond (Va.) came north, climatically, to Washing- 
ton to spend that winter, and went south to Raleigh, 
N. C.,” in 1920-21. 

It has not yet been possible to work out in detail the 
actual causes of these marked monthly and seasonal 
variations in temperature in different years. The ex- 

lanation, in the United States as elsewhere, undoubtedly 
ies in the general distribution of pressure over the con- 
tinents and oceans, i. e., in the development and location 
of the centers of action, and in the resulting effects upon 
the numbers, intensity, and paths of cyclones and anti- 
cyclones. It is as yet too early to say in just what ways 
the variations in the intensity of solar radiation may act 
to bring about these results.” : 

Do temperatures show any permanent change t—While 
monthly and seasonal mean temperatures are, as has 


® History of Clock-Making. Numerous accounts of unusual seasons in New England 
will be found in Sidney Perley: Historic Storms of New England, Salem, Mass.. 1891. 

» An in ing account of this remarkable winter has been written by Dr. Charles 
F. Brooks; The Old-Fashioned Winter of 1917-18, Geogr. Rev., vol, 5, 1918, pp. 405-414. 
ho aes ©. Day: The Cold Winter of 1917-18, Mo. WEATHER. REV., vol. 46, 1918, 

Pp. 

4 Joseph B. Kincer: Our Involuntary Climatic Travels (with Special Reference to 
the Warm Winter of 1920-1921), Mo. WEATHER REV., 1921, 49; 18-20. Chart. 

% See, in this connection, E. H. Bowie: Leng ewe Weather Forecasts, in Weather 
Forecasting in the United States, U. 8S. Weather uu, 8 vo., Washington, D.C., 1916, 
Pp. 341-348; C. F. Brooks: World-Wide Changes of Tem ture, Geogr. Rev., vol. 2, 

6, pp. 249-255; W. J. mae, rag i Physics of the Air, 8 vo., Philadelphia, 1920, pp. 
614-625; J. Hann: Lehrbuch der eteorologie 3d ed., 1915, PP. 637-644; E. A. : 
Meveoral cal Centers of Action in the North Pacific Gcean (Abstract), Mo. WEATHER 
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been seen, subject to wide fluctuations, there is no un- 
impeachable evidence that any permanent change in 
temperature is taking place, or has taken place within 
historic times, in the United States. Periodicities, of 
varying lengths of years, have been suggested by nu- 
merous writers. The results differ winel! There is no 
general agreement except in the case of the Briickner 35- 
year period. The amount of temperature-difference, 
where such has been reported, is relatively very slight, 
and furnishes no basis, as yet, for making any reliable 
scientific long-range forecasts of general economic value. 
A discussion of these investigations can not be entered 
into here. The first hesounle study of this subject was 
made by Schott, in his monumental analysis of the 
temperatures of the United States, in which he collected, 
reduced, and discussed all the older records.* Nothing 
was found which led to the view of any progressive 
change, although there was evidence of similar fluctua- 
tions of temperature over considerable areas, e. g., a 
period of about 22 years on the Atlantic coast and one 
of about 7 years in the interior. The long record of the 
opening and closing to navigation of the Hudson River 
, Albany, N. Y., indicates no progressive change in these 
ates. 

Some 20 years ago, W. B. Stockman compiled tempera- 
ture data for 10 stations, mostly east of the Mississippi 
River, covering 50 years. The conclusion was that 
‘“‘the contention that the winters of recent years are less 
rigorous than those of former years, at least so far as tem- 
perature is concerned, is not well founded.” ~ 

In a recent study of temperature variations in the 
United States, Henry has investigated the question to 
what extent periods of abnormally high and low temper- 
atures synchronize, and also whether or not there is evi- 
dence of a periodicityin the occurrence and recurrence 
of these phenomena.*® The data covered the period 
1888-1919. It appears that in the United States the 
range in temperature from the year of highest temperature 
at sunspot minimum (1900) to the year of lowest temper- 
ature in a year of sunspot maximum (1917) amounts to 
2.5° F. ‘The bulk of the evidence points to a period of 
between three and four years, or a third of the sunspot 
cycle, as being (the length of the period of oscillation) 
most commonly experienced.”’ 

In several cases a study of the records has shown that 
there is often, for a time, a certain sequence in the occur- 
rence of especially cold, or warm, or rainy, or dry seasons. 
Facts of this sort have here and there been made use of in 
making very generalized long-range forecasts. Brooks 
has recently discussed the sequence of mild and severe 
winters in the northeastern United States.** An exam- 
ination of the mean winter temperatures since 1812 
shows apparently no other than a chance relationship 
four-fifths of the time. The other fifth includes two 
notable series of “alternating cold and warm winters, 
with almost identical preliminaries of a few moderately 
mild winters, an ordinary or moderately cold winter, and 
then a severe winter, which opens the alternating series 
—severe, warm, severe, warm, etc. The opening severe 
winters in these two series were those of 1872-73 and 
1917-18. Thus we examine with interest the records of 
the winters of 1876-77, 1877-78 * * *, 1882-83, and 


33 Charles A. Schott: Tables, Distribution and Variations of the Atmospheric Tem- 
ture in the United States and some Adjacent Parts of America. Smithson. Contr. 

Knowl., XX1, 1876, pp. 302-320. 

* Wm. B. Stockman; Invariability of our Winter Climate, Mo. WEATHER R&Ev., 
1904, 32; 224-226. 

% Alfred J. Hi : Teepeery Variations in the United States and Elsewhere, Mo. 
WBATHER REV., 1921, 49; 62-70. 

% Charles F. Brooks: uence of Winters in the Northeastern United States, Mo. 
WEATHER REV., 1921, 49; 71-73. 
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wonder whether the winters of 1921-22, 1922-23 * * *, 
1927-28, will alternate cold, warm, cold, etc., as'those of 
45 years ago did for such a long period * * *. Even 
if we can not say for winter after winter what the charac- 
ter is likely to be, we can say that immediately after a 
cold winter the chances are two to one or better in favor 
of a mild or warm one, and that a period of alternating 
cold and warm winters which is general over a mer 
part of the eastern United States may continue for 
several winters, as cold, warm, cold, etc.” 

Temperature changes during 24-hour intervals.—There 
are two fundamental types of temperature changes duri 
the conventional 24-hour time unit. One is the norma 
change, on fine days with marked solar control, from just 
before sunrise to shortly after noon—from a cool night 
to a warm afternoon. The other is the irregular change, 
not related to the time of day, due to winds, clouds, etc., 
and resulting from cyclonic or anticyclonic controls. 
There are, obviously, all varieties of combinations of 
these two types. The first, i. e., the so-called normal 
diurnal type,’is chiefly characteristic of the semiarid 
western plateau district, where a prevailing small amount 
of cloud, dry air, and sparse vegetation favor strong sun- 
shine by day and active radiation at night, but is also a 
common feature elsewhere, especially during the warmer 
months and in the Southern States. The second, i. e., 
the irregular cyclonic type, is mainly characteristic of 
northern and eastern sections. It is also relatively fre- 
quent during the colder months everywhere, being least 
marked on the southern Pacific coast and in the South 
and Southwest. This type is best developed when the 
cyclonic control is strongest, in winter, but occurs with 
reasonable frequéncy, although with greatly diminished 
intensity, in connection with the weaker cyclonic control 
of summer. Blodget first clearly emphasized the fact 
that the regular diurnal (i. e., solar) control is dominant 
in the West, while changes “of what may be called the 
greater nonperiodic sort” distinguish the East. ‘‘ Ex- 
treme contrasts, diversities, and transitions belong here 
(in the interior) to place or locality; in the East to time.” 
This is a significant statement. It emphasizes the im- 
portance of the regularity of the solar control, and of the 

art played by the topography in the West. In the 
ast, per contra, the time of the arrival and departure of 
cyclone or anticyclone is the deciding factor. 

The common designation for the temperature differ- 
ences which occur during a day is the diurnal range.*’ 
The greatest daily ranges of temperature, resulting from 
the normal warming by day and cooling by night, occur 
over the western plateau province and in summer. Here, 
in July (chart 17), practically the whole area has average 
daily ranges over 30°, and much of it has ranges of over 
35°. Difterences of 50° between early morning and noon 
are common. Individual cases of a rise from near the 
freezing point to 80° and even to 90° are on record. 
Over the eastern (tga the daily ranges are consider- 
ably less. They decrease from about 30° over the Plains 
(July) to less than 20° over the Great Lakes, along the 
Atlantic and Pacific coasts, and over the Gulf province. 


% When the difference between the mean temperatures of the warmest and coldest 
hours of the day is given it is known as the periodic diurnal range. When the difference 
between the mean daily maxima and the mean daily minima (determined from read: 
of the maximum and the minimum thermometers on individual days) is given, it 
known as the nonperiodic diurnal range. The latter is the one usually given in climatic 
tables and discussions. It is de med much more easily, and for all practical pur- 
poses may be used instead of the periodic range. When hourly temperature data are 
available, the periodic range is easily worked out. (Jn connection with this, see Alex- 
ander McAdie: “‘Mean Temperatures and Their Corrections in the United States,’’ 1891; 
tables of mean hourly temperatures for regular Weather Bureau stations for the five 
years 1891-95, in Ann. Rept. Chief of Weather Bureau for 1896-97, pp. 94-107: also short 
table of mean diurnal periodic es, based on McAdie’s report, given by Hann in his 
Handbuch der Klimatologie, Vol. IT, 3d ed., 1911, p. 363. 
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On much of the immediate Atlantic, Gulf, and Pacific 
seacoast the ranges are under 15°. The daily tempera- 
ture ranges of summer over the eastern interior are rela~ 
tively small, considering the continental climate and the 
high temperatures. Hann has attributed this fact to the 
high humidity of summer, which gives an almost tropical 
character to the climate at that season—a climate 
marked by relatively small daily ranges of temperature.** 

The average daily temperature ranges for January are 
shown in chart 16. On the whole, these ranges are 
smaller than in July, especially over the western Plateau 
province, where the diurnal control is least marked in 
midwinter. 

The sudden, irregular temperature changes which 
occur under cyclonic and anticyclonic control, and are 
chiefly characteristic of the East, may be as great as 
those which are due to normal diurnal control in the 
West. Thus, a winter warm spell with southerly winds 
and a temperature in the neighborhood of 50° may be 
followed within 24 hours by a cold wave with zero temper- 
atures over the northern tier of States. Remarkably 
sudden temperature changes also occur in connection 
with chins winds along the eastern base of the Rocky 
Mountains. Or, in summer, during a hot wave, the 
advance of a cyclonic cloud sheet and the setting in of 
cool easterly winds on the Atlantic coast “ breaks” the 
heat within a few hours, bringing welcome relief. Several 
different types of weather bring these “paroxysms of 
change” (Blodget). 

Highest and lowest “record” tem es.°—Great 
popular interest always attaches to the ‘“‘record”’ highest 
and lowest temperatures. we-semeneas the longer the 

eriod of observation, the higher and lower these abso- 
ute maxima and minima will be. Chart 18, which 
supersedes all the older charts of absolute minima, shows 
the lowest temperatures ever observed in the United 
States, and is based on the records of about 600 stations. 
The lowest readings of standard thermometers, under 

roper conditions of exposure (— 60° and a few degrees 

low) have occurred over the northern Plains, the gate- 
way through which cold waves from western Canada 
enter the United States. Temperatures low enough to 
freeze mercury (—40°) have been recorded as far south 
as western central Colorado, northeastern Nebraska, 
and central Minnesota and Wisconsin. 

Minima below zero have been observed over a la 
part of the United States. Starting from the Atlantic 
coast at the latitude of southern Virginia, the line along 
which zero temperatures have been recorded runs south- 
west, at some distance inland from the ocean, to north- 
western Florida; then roughly paralle!s the Gulf coast, 
crosses Texas north of latitude 30° N. then turns north- 
west across southwestern New Mexico and central 
Arizona, keeping at first east of, then along and finally 
crossing to the west of, the Sierra Nevada-Cascade 
Mountains. It ends in western Washington, but does 
not touch the actual Pacific coast. Zero has not been 
recorded on the Atlantic coast south of Chesapeake 
Bay, on the immediate Gulf coast, or im the valley of 
California. It is a striking fact that the absolute minima 
over the northern Plateau west of the Recky Mountain 
barrier, and also those along the eastern base of this 
barrier, are distinctly higher than those over the northern 


%® J. Hann: Handbuch der Klimatologie, vol. 1, 3d ed., p. 362. 

39 Henry has given (Bulletin Q, Table II, pp. 88-92) the absolute maximum and mini- 
mum temperatures for selected stations, with year of occurrence, for the period 1871- 
1903. More recent and fuller data will be found in the regular monthly and annual 
summaries published by the Weather Bureau. For information about the available 
charts, reference may be made to R. DeC. Ward: Toi Notes on the Tempera- 
ture Charts of the United States. Mo. WEATHER REV., 1921, 49; 277-280. 
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Plains, in spite of lower elevations in the latter district. 
The effect of the barrier is here clearly seen. During 
inversions of temperature, which characteristically ac- 
company the occurrence of the lowest minima, elevated 
stations are often considerably warmer than _ 

near by, on lowlands or in valleys. 

Similarl , the advance of cold from the northern 
Plateau districts to the Pacific coast is prevented by the 
barrier of the Sierra Nevada-Cascades. Key West, Fla., 
is now the only regular Weather Bureau station at which 
no minimum temperature below freezing has been re- 
corded. The north is not, however, under all conditions, 
colder than the south. There are cases, not by any means 
extremely rare, when the southern tier of States is tem- 
porarily having colder weather than those to the north. 

There is a considerable tempering of the extreme cold 
to leeward of the Great Lakes, as is shown by the warp- 
ing of the lines of equal absolute minima, as, e. g., along 
the southern shores of Lakes Erie and Ontario and along 
the eastern shore of Lake Michigan. During severe 
winter cold waves the lee shores of these Lakes may have 
temperatures 10°-20° or so higher than those observed 
at the same time on the opposite (windward) shores.” 
Alexander Winchell, by means of his lines of equal abso- 
lute minima, first showed in a striking way the moderat- 
ing influence of the Great Lakes, especially of Lake Michi- 
gan, upon the winter temperatures in their vicinity.“ 
As shown by Eshleman in a much later study, the abso- 
lute minimum temperatures at Grand Haven in winter 
(Nov.—Jan.) run higher by about 10° than those at Mil- 
waukee, and by about 12°-16° (Oct.-Jan.) higher than 
those of a group of western inland stations on the same 
latitude.* “Whole weeks of zero weather occur in 
Wisconsin and Minnesota when the temperature at 
Grand Haven will not go below 15° or 20°.” The Lake 
influence is clearly seen in the occurrence of an extended 
and important fruit belt, which reaches from the south- 
western corner of the State along the eastern shore of 
Lake eo as far as Grand Traverse Bay.“ The 
famous peach region of Michigan forms part of this same 
belt. e absolute maxima, as shown on the new chart 
(chart 19), are surprisingly uniform over the United 
States as a whole. The differences are slight, and the 
lines of equal absolute maxima show no such well-defined 
system as is the case with the minima. For purposes of 
broad generalization, and of easy memorizing, it is per- 
haps enough to say that extreme temperatures of over 
100° have been observed over most of the United States. 
The exceptions are the immediate northern coasts of 
Atlantic and Pacific Oceans; portions of the Lake region; 
central and southern Florida, the Texas coast, northern 
New England, and the higher parts of the mountain 
areas. ‘Gur all these last-named districts, the readin 
are from somewhat under 95° to a little under 100°. e 
og influences of the Great Lakes are again seen 
in the deflection of the lines of equal absolute maxima. 
The values are roughly 10° less on the eastern than on 
the western shore of Lake Michigan. Grand Haven has 
summer maxima lower by 6°-7° than those of Milwaukee 
and by 10°-15° lower than those of the group of western 
continental stations.“ “A difference of 10° to 20° 
in the maximum temperatures (at Grand Haven) com- 


q N ork 
@ Alexander Winchell: The Isothermals ofthe Lake Region. Proc. 
Sd. ee 1870, pp. 106-117. 
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pared with inland stations on warm days is a common 
occurrence.”’ The highest readings for the country as a 
whole exceed 120° in southwestern Arizona; maxima 
over 115° occur over a larger district of northeastern 
California, southeastern Arizona, as well as in the valley 
of California. The ‘‘record maximum”’ is 134°, recorded 
at Greenland Ranch, on the edge of Death Valley (Jul 

10, 1913.) Owing to the small scale of the map, the high 
temperatures in Death Valley are not indicated. It 
should be added, however, that the excessively high 
maxima of the far Southwest are associated with rela- 
tively dry air, and are far less oppressive, and less 
physiologically dangerous, than the lower maxima 
in the moister air of the east. 

The average lowest temperature of the year —The average 
lowest temperature reading of the year (mean annual 
minimum) not only has a Lagan popular interest, but is 
also important because of certain of its economic rela- 
tions. The new chart of average annual minimum tem- 

ratures (chart 20) replaces a far less complete one pub- 
ished by van Bebber in 1893. A thermometer reading 
below —30° is a normal winter occurrence over the 
northern Plains and northern Minnesota. Northern 
New York and northern New England have —25°. 
Temperatures below zero are to be ve meres on the 
coast as far south as southern New England, southern 
New York, and northern New Jersey. From this section 
the line of mean annual minimum of zero runs in a 
general southwesterly direction across Maryland, Ken- 
tucky, northern Tennessee, southern Illinois and Mis- 
souril, northern Arkansas, Oklahoma, and northern 
Texas into eastern New Mexico. Thence it turns 
west and northwest, following along the eastern slopes 
of the Pacific coast ranges, and ending in eastern 
Washington. The Gulf States have minima mostly be- 
tween 10° and 20°, with over 20° over all of Florida and 
along the Texas coast. The tempering of the cold b 
latitude is thus clearly indicated. ‘Topographic contro 
are seen in the positions of the lines over the western 
care and mountain districts, e. g., in Colorado, New 

exico and Arizona. The Rocky Mountains obviously 
act as an effective barrier against the penetration of ex- 
treme cold from the northern Plains into the Plateau dis- 
tricts. No cold of eastern intensity is indicated in any 

ortion of the great district to the west of the Rocky 

ountains. The Pacific coast is further protected by the 
Sierra Nevada-Cascade barrier against the invasion of low 
temperatures from the east. the immediate Pacific 
coast, the mean annual minima are 20° in the north and 
30° in the south. 

The irregularities of the lines in the Lake region, espe- 
se 6 in the case of Lake Michigan and of the lower pen- 
insula of Michigan, and of the lee shores of Lakes Erie 
and Ontario, show a very obvious tempering effect of the 
Lake waters.” The mean monthly minima at Grand 
Haven, Mich., run about 4°-6° higher than those at Mil- 
waukee Wis., during the winter, and 10°+ higher than 
those of a group of inland stations somewhat farther 
west. 

One of the striking, and one of the serious, climatic 
characteristics of the eastern United States, is the tem- 
porary and sudden penetration of very low minima far 
to the south, into latitudes where the winters are dis- 
tinctly mild. This condition occurs in connection with 


“o A ye lson; The Hottest Region in the United States, Mo. WEATHER REv., 1915 


is Reproduced in Atlas of Meteorology, 1889, pl. 2. 
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the advance of a cold wave from north and west..A 
general knowledge of the mean annual minimum, tem- 
peratures is here essential to a full appreciation of the 
climatology of this area. Hann pointed out that the 
temperature at New Orleans falls each winter on. the 
average nearly to 20°, while at Cairoin the same latitude, 
it reaches only a degree or so less than 40°.. Yet, both 
mean annual and mean January temperatures. at. these 
two cities are essentially the same.“ And over half a 
century ago, Russell noted the fact. that Savannah, Ga., 
has a mean winter temperature similar to that of May in 
London and of winter in Cadiz, which is 44° of latitude 
farther north.” Yet the vegetation of southern Spain is 

uite different from that in North America because of 
the — winter minima in the former country. In a 
case like this, vegetation becomes a better index than is 


the mean temperature. Or are liable to serious © 
y all of 


damage by frost over nearl the southern United 
States; not so in southern Spain. Cotton is replanted 


annually in the United States; not so in Spain. It is. 


true that spells of considerable cold also invade low lati- 
tudes in eastern Asia, but there the mean winter tempera- 
tures are lower than in the eastern United States. 

The mean annual maxima have much less human and 
economic significance than the mean annual minima.” 

Other facts concerning annual and monthly maxima and 
minima.*—The differences which have been. recorded 
between the highest and the lowest temperatures ever 
observed are worthy of note. These differences are of 
the order of 150° in the north-central districts of the 
interior; 125° in northern New land and the lower 
Lake region; less than 100° along the Gulf coast; about 
50° at Key West; 120° in the Rocky Mountain and Pla- 
teau region generally; in the southwestern interior, 110°; 
less than 100° on the Pacific coast, with the exception of 
the Columbia River valley and the mountains.* . During 
a single month, differences of the order of 100° may occur 
over the northern interior in winter, between the extreme 
cold of a cold wave and the high temperatures of a warm 
spell. Although these monthly ranges decrease rapidly 
to the south, they are greater than those of central 
Europe at least as far as latitude 40° N. (Hann.) 

The differences in temperature from day to a 
are two fundamental controls determining the differ- 
ences in temperature from one day to the next. One is 
regular; the other, irregular. The first is the sun. Under 
the sun’s control alone, each day should normally be a 
little warmer than the prepeding during the warming 
half of the year, and a little cooler during the cooling 
h e second is the cyclonic and anticyclonic con- 
trol.. This is irregular, varying with the temporary con- 
ditions of pressure distribution and the accompanyi 
temperature, winds, clouds, and rain. The second of the 
two controls is by far the most important over most of 
the United States and most of the time, especially during 
the colder season. It brings marked and sudden tem- 
perature changes from day to day, completely upsetting 
the orderly seasonal advance and retreat. These day-to- 
day changes in temperature are of great importance in 


pre; since that of van Bebber, 1893. 
53 The complete numerical bp oye of highest and lowest temperatures 
several columns in a standard climatic table (see, ¢. & J. Hann: Handbook of 
tology, 2d ed., vol. 1, English translation by R. DeC. Ward, table on p. 33.) 
8 A.J. Henry, loc. cit, pp. 29-30. No map of the mean annual extreme range has been 
constructed since that of van Bebber, for the world (Atlas of Meteorology, Pl. 2). These 
es, also known as the mean annual ese pee ranges, average about twice as large 
as the mean annual periodic ranges previously referred to, which are based on the differ- 
ences between the mean temperatures of January and of July. 
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relation to human comfort and health., They markedly 
affect a wide range of. man’s activities, conven- 
tional method of expressing such changes is to give, for 
each month, the average difference between the mean 
eratures of successive’ days,* a 
u some years ago it appears that the interior o 
marion, including the arts of the 
United States, is one of the two centers of maximum 
diurnal variability in the Northern Hemisphere.” 
Generalizing broadly, it may be stated that the mean 
diurnal variability in winter is of the order of about 10° 
in the northern central interior,.and decreases from 
there in all directions, to about 2.5° on the north and 
2° on the south Pacific coast; alittle over 5° on the Gulf 
Coast, and about 3° in southern Florida.” The decrease 
from the interior to the Atlantic coast is relatively slight, 
because this leeward coast'shares so largely in the con- 
tinental conditions of the interior. The lines of equal 
variability follow tho lines of absolute minimum tempera- 
tures reasonably closely, indicating a dependence of the 
large diurnal variability of winter upon the occurrence of 
cold waves. The mean diurnal variability in summer is 
usually about one-half of that in winter. It should be 
observed that. the foregoing data refer to differences be- 
tween the daily mean. temperatures, and not to the total 
amount of rise or fall of aera from day to day. 
Such irregular changes are of striking frequency and of 
large values, especially in the northern United States east 
of the Rocky Mountains in winter, reaching 50° or even 
more within 24 hours. 
. Several factors combine to a. about these rather 
remarkable irregular temperature changes in the eastern 
United States, viz, the rapid winter poleward tempera- 
ture gradient; the presence of the warm Gulf of Mexico 


in the south, the Gulf Stream off the east coast, and the | 


cold continent to the north; and the frequency; intensity, 
and rapid progression of cyclones and anticyclones. 
Under the control of the rapidly changing pressure gra- 
dients as HIGHS and Lows pass by, the winds are constantly 
changing their direction. Thus, large masses of air, often 
moving at high velocities, are imported from districts of 
widely varying temperatures, now from the warm Guif of 
Mexico; now from the cold plains of western Canada; now 
from the Atlantic Ocean on the east. Marked and sudden 
changes in temperature and in general weather conditions 
are therefore inevitable. Furthermore, winds not only 
control temperatures directly, by the actual importation 
of warm or of cold air, but also indirectly, by bringin 
clear skies and thus increasing the local production o 
cold by nocturnal radiation on quiet nights: and the 
warming under sunshine by day, or by bringing clouds 
and rain and thus wert toy sunshine by day and check- 
ing terrestrial radiation by night. 

oes the annual march of temperature show persistent 
irregularities?—There is a widespread popular belief in 
the recurrence, at about the same time every year, of 
longer or shorter periods of unseasonable cold or heat. 
Among these ‘‘spells’”’ of weather the ones most common- 
ly referred to in the United States are the ‘‘January 
p os ” a cold period about the middle of May, and the 


% Mean diurnal va ity of temperature, i. e., the mean of the differences between 
successive daily means, Data ding this factor have been worked out for com 
tively few stations in the United States. See tables of “Av Daily Variab: iz of 
Temperature” (for 18 selected stations), and of “Average Daily Variability of Tem- 
perature in Percentages, Washington, D. C., 1883-1903,” in Bulletin Q, p. 33. Also 
Ann. Rept, Chief of Weather Bureau for 1896-97, p. 284. 

58 A, Supan: Grundziige der Ph hen Erdkunde, 3d ed. 1903, p. 99. 

¢ See chart prepared by Gen. A.W. Greely, “ Variability of average daily temperature 
in January,” reproduced in F. Waldo’s entary Meteorology, 1896. Fig. 101, pp. 


‘ 
‘ex 
# J. Hann: Atlas der 1887, text 
% Russell: North America, its A culture and ate, Edinburgh, 1857. Quoted by | 
J. Hann: Handbuch der Klimatologie, 3d ed., vol. 3, 1911, p. 364. 
. 
J 
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“Indian summer.” Prof. Charles F. Marvin, Chief of 
the Weather Bureau, has recently investigated this 
uestion by making a study of the temperature records 
for several long-period stations in the northeastern 
United States, supplemented by 45-year records from 
Weather Bureau stations scattered over the country.” 
The conclusion reached is that the annual record of daily 
mean temperatures is a smooth curve, without secondary 


- maxima or minima, or of perceptible points of inflection. 


Such marked irregularities as are described by the 
terms ‘‘January thaw” or ‘‘May freeze,’”’ neither persist, 
nor do they have a real existence. In cases where these 
or similar irregularities appear in the means, they are the 
effect of a single occurrence, or of a few accidentally 
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recurrent unusual or extreme events, near or at the time 
in question. A study of the long-period temperature 
record s keptat New ford, Mass., between 1813 and 
1905, was made by the late Waldo E. Forbes.* The 
object of this investigation was to discover evidence for 
or against the occurrence of a cold spell m New England 
about May 10 (‘‘Ice Saints”). It appears that cold 
weather as well as hot may be expected on May 10, and 
hot weather as well as cold on May 7 or May 13. ‘“‘It is 
nevertheless possible that when the pulsations of the 
weather are better understood, May 10 may prove to be 
a sort of node and may serve as a point of departure for 
the study of weather waves.” 


ON THE DEPRESSIONS OBSERVED IN THE VALUES OF SOLAR RADIATION INTENSITY. 


By Lapistas GorczyNsx1. 


{Translated by W. W. Reed, from Bolletino Bimensuale, Soc. Met’l. Ttal., Apr.-June, 1921, pp. 25-28.] 


While very warm or rainy summers and very mild or 
cold winters come directly to general notice, depressions, 
and in general all the abnormal variations in the values 
of the intensity of solar radiation measured at the surface 
of the earth, do not manifest themselves immediately to 
the eyes of observers and require a scientific demonstra- 
tion by special instruments known as pyrheliometers and 
actinometers. 

Yet the study of these depressions, or rather of all the 
variations that appear in the values of solar radiation 
observed at the surface of the earth, has an importance 
all the greater since it is indeed the solar energy that is, 
in the last analysis, the spiritus movens in all the atmos- 
— movements observed on the earth. In order to 

d an explanation of the very complicated variations of 
temperature of the air and of precipitation it is necessary 
to begin with the study of solar radiation. 

For this reason, we halitve it useful to discuss briefly 
the two great depressions in solar radiation that have 
occurred since the beginning of the twentieth century; 
these are the depressions of 1902 and 1913, which we have 
demonstrated from ee and actinometric 
measurements made at Warsaw without interruption since 
the close of 1900. 

It is important to add that these depressions observed 
at Warsaw have been discovered in the series of measure- 
ments made at other observatories in Europe and in 
America; these depressions have consequently a world- 
wide character. 

To establish the existence of these depressions in the 
values of solar radiation observed at Warsaw let us take 
the monthly maxima (Max. Q) of the intensity of solar 
radiation. Granted that radiation is subjected in the 
earth’s atmosphere to influences that always tend to 
diminish it, the conclusion is easily reached that it is 
especially the maximum values in the diurnal and annual 
periods that are the most characteristic. Besides the 
conclusions reached by examination of the monthly maxi- 
mum values of radiation are confirmed by the considera- 
tion of the monthly mean values and also by the obser- 


*? Charles F. Marvin: Are there Persistent ties in the Annual March of 
Temperature? Mo. WEATHER REV., 1919, 47: . The same number of the RE- 
yaw also contains a useful annotated bibliography of this subject (pp. 555-565), by C. F. 

man. . 

1 See Kimball, Herbert H.: Volcanic eruptions and solar radiation intensities, Mo. 

WeratHER Rev., Aug. 1918: 46:355-356. 


vation of the duration of insolation (in hours) and by the 
calculation of the totals of insolation (in kg. cal.) to one 
sq. cm. of the normal horizontal surface. 

Being unable, in the present paper, to enter into the 
details of the matter, let us note that the results of the 
observations and calculations are found in the following 
publications by the author: 


1, Valeurs pyrhéliométriques et les sommes d’insolation & Varsovie 
foie ge la période 1901-1913. Warsaw, 1914. (Publications de la 

ociété des Sciences de Varsovie.) 

2. Sur les dépressions en 1912 et 1903 dans les valeurs de l’intensité 
du rayonnement solaire. Warsaw, 1914. (Comptes Rendus de la 
Société des Sciences de Varsovie.) 


In Table 1 are presented the departures of the monthly 
maximum values of solar radiation at Warsaw during the 
period from 1901 to 1918. The departures (relative to 
the means for 1901-1913 and 1914-1918) are calculated 
in gr. cal. per sq. em. per minute. The departures for 
the five years, 1914-1918, are given separately because 
of change in the place of observation in the first half of 
1914, when the apparatus (Michelson actinometer and 

gstrém pyrheliometer) were transferred from the build- 
ing of the Musée’ d’Industrie et d’Agriculture, situated 
more in the center of the city, to the building of the 
Société des Sciences of Warsaw, about 2 km. distant 
from the former. 

Although, especially on account of the smoke of the 
city, both points of observation are far from favorable 
for measurements of solar radiation, it is of consequence 
to note that the latter place seems to be the better and 
gives higher values. 


Notse.—The values for 1901-1913 were calculated and published by 
the author (loc. cit.); the values for 1914-1918 were calculated by the 
observer, E, Stenz, but have not been published. 


In the months for which departures are not given, 
actinometric measurements could not be effected. 

Table 1 shows immediately that certain periods present 
depressions. In calculating the values of max. Q (for 
m, 1.5 atm. and f, 7 mm.) there is obtained the following 


1 Waldo E. Forbes: Ice Saints, Am. Astron. Observatory Harv, Coll,, vol, 83, pt. 1 

89 ted eanty discussion of this may be found inC. A, Schott: Tables, Distribu- 

ion and Variations of the Atmospheric Temperature in the United!States and some, 

America. Smithson. Contr.to Knowl, 277. Washington, D. 
pp. 
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| Tasie 1.—Departures (relative to means) of the monthly maximum values of the intensity (Q) of solar radiation at Warsaw, 


January. | February: |. March. ‘April, May June. ‘July. August. September. October. |November. | December. 
1.03 111 1,19 1.19 1.19 1.16 1.20)| 1.13 0. 80 
Departures in hundredths of Q ogee! 
1008. bs 4545443 1 8 7 2 —6 10 -2 —12 
syed. rit ot 1 1 -3 } 12; “2 
<n —12 =1 —3 —1 —1, 5 1 - 
Means (1914-1918)...... 0.91 1,09 1,21 1.31 A. 1,24 1, 25 1.29 . 1,34 118 1,06 0. 87 
—1 -6 } 2 —6 3 1 8 


march of annual departure iD percentage of.the respective 


4{ 1910 1 
1000... & 2 1918 ., 3 


We are at, once impressed by the very large negative 
departures in 1903 and 1912 On further examination. 
of Table 1 it is seen that the months with particularly 
lowered intensity are grouped in a very strikingly con- 
secutive manner; they continue from November, 1902 
to February, 1904 (with a slight relative increase in 
June, 1903), and from July, 1912, to January, 1913. — 

During these two periods the monthly maxima of in- 
tensity (0) of the solar radiation at Warsaw were dimin- 
ished without interruption (relative to the means for 
1901-1913), and this diminution generally exceeded 10 
per cent. 

Let it be noted that the maximum values of intensity 
(Q) of solar radiation have been reduced uniformly to the 
atmospheric thickness (m) and the vapor tension (f) in- 
dicated in the headings for the different months. In ad- 
dition all the values of table 1 have been reduced to the 
earth’s mean distance. 

The depression of 1903 continued approximately 16 
months (November, 1902—February, 1904); here are the 
departures. 


December, 1902.............. —13 | August, 1903................ —16 
January, —20 | September, 1903............. —14 
February, —20 October, 1903. 8 
March, 1903.......... th pay —17,| November, 1903.............. 

—25 | January, 1904................ —18 
Futile, — 8} February, 1904............... —13 


_ In November and December, 1903, measurements of 
radiation could not be made on account of too unfavor- 
able condition of the sky. | fe 
This depression was observed not only in Poland, but 
at Lausanne (Switzerland) and at Pavlovsk (Russia); it 
was due to the eruption of Mount Pelée on Martinique. 


1901-1913. 


_ The depression of 1912 was no less marked than the 
receding one, but it. continued only 7 months—-from 
uly, 1912, to January, 1913. Here are the departures 
in Samdvedthe of a gr. cal. cm? relative to the means for 


19] November, 1912............ 
Repent, 1978! 16 | December, 1912.............. 13 
tember, 1912..:.......... $3 | January, 1913................ 12 


This depression was observed at several places in 
Europe and also in North America: it appeared simul- 
taneously and suddenly in July, 1912, as is seen from the 
following table in which are grouped the monthly 
maxima (not reduced) of intensity of solar radiation for 
two consecutive months in 1911 and 1912. 


August. 
cal). | eal). | cant), | eal), | cal). | cent. 
Warsaw (Poland)...............-.-. 1.33] 1.03 23 | 1.22] 0.99 20 
Oleredajow ( 1.33] 1.01 1.28.) 1.067 17 
Pavlovsk 1,34 |. 1,02 24], 1.30} 23 
Potsdam (Germany)............... LS? 1.13 1.33 8. 97 27 
Pashington ‘United States)......... 1,37] 1,05 23} 1.33] 1.02 


This large depression was due to the eruption of the 


volcano Katmai (Alaska) observed on June 6-8, 1912, as 


has been noted by Mr, H. H, Kimball in America, | 
Let it be noted that the famous eruption of the volcano 
Krakatoa gave rise to a depression in intensity of solar 
radiation as appears from the. series of measurements 
made at Montpellier (France) during the period 1883- 
1900. The curve at Montpellier shows a very deep de- 
pression (— 12 per cent) in 1885, although the depression 
includes four years, 1883-1886. __ 
_ Another depression was observed. at Montpellier in 
1891; we are ignorant of its cause. 
_ The period 1893-1902 seems to be free of depressions, 
as appears from an examination of actinometric measure- 
ments at Montpellier (until 1901) and at Pavlovsk (with 
uninterrupted series since 1893). 
With reference to Table 1, it is important to note that 
if for some other months of the period 1901-1918 there 


Be 
| 
| 
} 
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are found at Warsaw occasional monthly maxima that 
are diminished relative to the means these months are 
rather scattered. This character is frequent during the 
winter months when clear days are rare at Warsaw and 
changes in max. Q tango departures negative or positive) 
become very considerable, but they are of local character. 

But if it is necessary to be extremely careful relative 
to lowered values in winter we can not pass without 
examination of depressions of even short duration ob- 
served in summer when, in general, the number of clear 
days is large enough and the conditions are favorable 
enough for actinometric measurements. After the last 
marked depression of 1912 the years following have 
been rather normal relative to annual means, as appears 
from an examination of Table 1. 

However, there is noted the depression in the summer 
of 1916 with the following departures (in hundredths 
of a gr. cal., calculated at the Central Meteorological 
Institute of Poland by E. Stenz): 


—18 | November................... —6 


At first we were disposed to believe that here there 
was a matter of a rather local depression observed at 
Warsaw, although the days with sun not veiled were 
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numerous enough and the sky agreed sufficiently pure. 
But the fact that the same depression was observed 
simultaneously at Florence and at Izana (Canary Islands) 
leads to the conclusion that here there is a matter of a 
phenomenon of more general character. : 

Let us note that the measurements at Florence are 
made with the Angstrém pyrheliometer; the measure- 
ments at Izana (lat. 28° 15 x. long. 16° 57’ W., eleva- 
tion 2,100 meters) made with the Abbot actinometer 
(silver disk N. 25) have been published under the direc- 
tion of the Central Meteorological Institute at Madrid. 

The depression of the summer of 1916 was followed by 
atmospheric disturbances relative to optics and polar- 
imetry, as has been demonstrated especially by Dorno at 
Davos (Switzerland). The cause of this depression has 
not been discovered; it is only admitted that it was not 
of volcanic origin. Let us add that this coincidence of 
depressions in the values of solar radiation and in the 
values of polarization does not always manifest itself; it 
occasionally peapere that the diminution in the polari- 
zation of the sky is observed, although the values of 
intensity of solar radiation do not show parallel changes, 

In closing this paper, let the attention of observers be 
called to the theoretical and practical interest of con- 
tinuous measurements of the intensity of solar radiation 
made with tested apparatus. 


PROLONGED PLANT ACTIVITY AT GRAND HAVEN, MICH., IN AUTUMN OF 1920, 
By H. Tutzson, Meteorologist. 


(Weather Bureau, Grand Haven, Mich., Dec. 20, 1920.) 


Early in November of 1920 it was observed by many 
persons and commented upon in the newspapers that 
various wild plants were blooming later than usual in this 
vicinity. Up to November 10 no severe frosts had oc- 
curred, and there had been but three days with mean 
temperature below that generally peceneaty for plant 
growth, two of these having occurred late in October and 
_ one in November. As a consequence, the foliage of prac- 
tically all the herbs, shrubs, and trees was still green. 
Though in previous years no systematic record with which 
to make comparisons had been kept, it was decided, early 
in November, to make notes during the rest of the season 
on the late blooming of wild plants‘ and the persistence 
of verdure. Accordingly, a suitable area was selected, 
and the vegetation thereon noted at intervals as long as 
Fete) continued. This tract is owned by Dr. Edward 

ofma and embraces about 8 acres of lowland flats in- 
closed together with some marsh land by Grand River 
and one of its “‘ox bows.” The ground selected is com- 

d of quite firm soil, upon which flourish not only herbs 
ut shrubs and small trees also. The characteristic vege- 
tation of the adjacent marsh is cat-tail, reed, and wild 


ce. 

A cold spell, with mean temperature somewhat below 
freezing, extended from November 11 to November 16 
inclusive; but during this time a blanket of snow covere 
the ground, affording protection for the abundant herb- 
age. The snow came in advance of the coldest weather; 
otherwise it is clear that the activity of practically all the 
vegetation would have been brought to a close in the 
second week of November. As it was, the leaves of the 
trees and dogwood, poplar, 
willow, etc.—were frozen at this time. 


1 Acknowledgments are due H. T. Darlington, assistant professor of botany, Michigan 
Agricultural College, for determining certain plants the specific identity of which wasin 
question. 


Repeting November 17 there was a period of warmer 
weather and the snow disappeared rapidly, while growing 
temperatures prevailed from the 18th to the 21st. On 
Thanksgiving Day, November 25, 20 species of wild plants 
were observed in bloom, which may safely be called an 
unusual number despite the fact that no previous records 
for comparison exist. These plants were the following: 
Dandelion, mallow, yarrow, white sweet clover, sily 
cinquefoil (on adjacent uplands), common chickweed, 
peppergrass, blind gentian, common evening primrose, 
red clover, bouncing Bet, goldenrod (Solidago altissima), 
wild strawberry, white campion, beggar ticks (Bidens sp.), 
daisy fleabane (Erigeron annuus), common ragweed (bear- 
ing male and female flowers), smartweed (Polygonum 

sicaria), lamb’s-quarters, and pansy (escaped from 
cultivation). Of these the first eight were more or less 
numerous, while only one or a few individual plants or 
clumps of the others were observed in bloom. A red 
raspberry bush bearing ripe and well-formed fruit was 
found. All the yarrows and eveni rimroses seen in 
bloom on this day were plants that had been bent over by 
the weight of the snow of mid-November and thus pro- 
tected; and now also were partially sheltered by long, 
dried grass. 

Though from the 25th to the 30th there was but little 
freezing weather, the mean temperature of only one day 
was as high as 42°, and there was but little sunshine. 
The ground was bare, but not frozen. No more evening 

rimroses, bouncing Bets, goldenrods, silvery cinquefoils, 

eggar ticks, daisy fleabane, or lamb’s-quarters were 
observed in flower after the 25th. On the 30th, however, 
the rest of the Thanksgiving Day list, as well as one 
plant of shepherd’s purse, doubtless overlooked before, 
were still in bloom. 

On December 5, 1920, a day with mean temperature 
40°, from one to a few blooming plants of the following 


~ 
4, 


November, 1921. 


were observed: Peppergrass, red, clover, pansy, yarrow, 
common ragweed, smartweed, dandelion, and white 
sweet clover. Chickweed also was common, but scarcely 
deserves mention, as it is not.only one of our hardiest 
plants, but also one of our few wild everbloomers. .Al- 
though there occurred days in. the first half of December 
with mean temperature freezing or below, this month 
brought no severe cold. until after the 15th, on which 
date, however, a snow cover arrived. Thereafter, to 
the end of the month, from one-half inch to more than 4 
inches of snow lay on the ground. Protection from cold, 
however, no longer served to 9 am the time for 
cessation of blooming. Besides, the pressure of the snow 
for so — doubtless was not without its ill effects. 
Consequently, on January 1, 1921,»but two species 
besides the ubiquitous chickweed were found in blossom, 
namely, dandelion—one head partly open—-and pepper- 
ass. The snow cover disappeared on this. date, and 
fresh-appearing foliage—abundant in many instances—of 
the following plants was noted: Yarrow, dock (Rumex 
sp.), dandelion, white clover, sweet clover, red clover, 
evening primrose, narrow-leaved plantain, bouncir 
Bet, motherwort, hollyhock, chickweed, goldenrod, nettle, 
mullein, common ragweed, peppergrass, cinquefoil (unde- 
termined species), tall crowfoot, common plantain, and 

From January 1 to January 11, 1921, the ground was 
bare, terpereti fell to freezing or below almost every 
night. e result was that when the tract was next 
visited, about the middle of the month, only in sheltered 
spots was any green vegetation to befound. __, 

Notes made in the autumn of 1921 show that while 
November of that year was almost as mild as November 
of 1920, a very thick deposit: of frost on the 2d, minimum 
temperature 30°, had a decidedly prejudicial effect ag 
the vegetation of the tract. Nine species were still in 
bloom on the 6th, but there was a rapid decline in floral 
and vegetal activities thereafter. On November 25 a 
few sickly blossoms of four species were found. These 
were mallow, yarrow, dandelion, and peppergrass. The 
state of the foliage of all species was also quite in contrast 
to that noted on the same date of the previous year. 
Now, green leaves could be discerned only in unexposed 
places, whereas in the last week of November, 1920, 
vegetation was actually flourishing. . 

emperature and the snow cover were practically the 
only meteorological factors considered in these studies. 
Questions as to flowering and fruiting as controlled by 
length of day were not taken up. In this, connection, 
however, it is interesting to note the status of asters and 
grifentnda, which are usually thought of as the very 
atest of fall flowers. No asters were found in bloom 
upon the area on the date the study was begun, or there- 
ter; and goldenrod flowers had ceased to be abundant 
at that time. Another circumstance bearing on growth 
as related to length of day is that some ragweeds found 
on November 25, 1920, were stunted, but bore an abund- 
ance of both staminate and pistillate flowers, This rag- 
weed is an annual, and the seeds from which these late 
plants sprang doubtless had been dropped shortly before 
and, meeting the proper conditions for germination and 
owth, had begun to develop. It has been pointed out 
Garner Allard, Yearbook, Department of Agri- 
culture, 1920) that “late planting * * * may lead 
to dwarfing in growth but abundant flowering and fruit- 
in 
o return from this digression, and to sum up: 

The prolonged activities of wild plants in November, 

1920, in the vicinity of Grand Haven, Mich., were due 


MONTHLY WEATHER, REVIEW. 609 


not so much to the mildness ofthe autumn as to the fact 
that a snow cover protected vegetation during periods 
in which the temperature was low enough to havttoy 


if 


TEMPERATURE AND THE BLOOMING OF CHERRY TREES. 


8. Aoki and Y. Tazika, meteorologists in the Central 
Meteorological Observatory in Tokio, Japan, have an 
interesting article in the Journal of the Meteorological 
Society oft Japan, April, 1921, on the correlation between 
the air temperature and the date of blooming of certain 
cherry trees located in the Observatory grounds. 

apecdentt covered by the records is from 1900 to 
1921. e average date of blooming is April 2, while 
the date varied from March 25 in 1913 and 1920 to 
April 8 in 1917. 

The correlation between the mean temperature for 30 
days from February 16, and the date of blossoming 
gives a coefficient of —0.94, with a probable error o! 
~The. correlation between the mean temperature for 
20 days from February 16 and the date of blossoming, 
gives a coefficient of —0.80 +0.054. 

The ability to determine the probable date of blos- 
soming of cherries or other fruit from 10 to 15 days in 
advance would be of considerable value in making 
preparation for spraying. The, experience in Japan 
indicates that this will be possible wherever the records 
of temperature and blossoming dates are long enough to 
furnish data for calculating the necessary mathematical 
equations.—J. W. S. > a 


RELATION OF TEMPERATURE TO CITRUS SCAB. 


The result of some interesting experiments by Prof. 
H. S. Fawcett in connection with the relation of tem- 

rature to infection and growth of the citrus scab 
ungus is given in the Journal of Agriculture Research, 
May 16, 1921, Vol. XXI, No. 4. | In some previous work 
it was found that abundant moisture was present when 
bad infection took place, but seasons were encountered 
when scarcely any infection occurred when moisture and 
growth appeared to be ideal for an outbreak. Conse- 
uently these later experiments were prosecuted to 
determine what influence the might have. 

The tests were made in greenhouse experiments on 
sour-orange seedlings, with artificially inocculated plants, 
at temperatures varying from 12° to 42.5° C. 

The inocculation temperatures that resulted in in- 
fection of growing plants under conditions of rapid 
growth and abundant moisture were 16°, 18.5°, 19°, 20°, 
21° and 23°C. Noinfection was obtained under the same 
conditions at temperatures under 16° and above 23°C. 
Detached leaves floated in water with the scab f 
were infected at 16°, 18.5°, 21°, 24.5°, and 27.5° C. 

This limited range of temperature at which infection 
of a susceptible host took place under the presumably 


_favorable conditions of the experiment appears to ex- 


plain the great difference observed in the occurrence and 
serverity of scab from year to year; it also apparently 
explains the difference of previous inocculation experi- 
ments not hitherto understood. 

The conditions necessary for scab infection indicated 
by these experiments are (1) viable spores of the fungus, 
(2) young citrus leaves of a-susceptible species, (3) 
i558 and (4) temperatures between 16° and 23° C.— 
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SOIL TEMPERATURE AND WHEAT. 


Farmers’ Bulletin 1224, ‘Wheat Scab and its Con- 
trol,” brings out the following facts in connection with 
the relation of temperature to growth of plants and 
development of scab. 

Wheat seedlings grow best and develop into stocky, 
healthy plants with a well-developed root system, when 
the temperature of the soil is about 40° to 60° F. On 
the other hand, the wheat-scab parasite is a warm- 
weather fungus, and grows best where the air and soil 
temperatures are about 70° to 84° F. 

The seedling blight develops chiefly from the scabbed 
kernels sown with the wheat. A warm and compara- 
tively dry soil favors the development of the seedli 
blight, while a warm, moist air favors rapid Ha | 
the fungus. Warm rainy weather during flowering 
greatly favors the development of the head Blight. 

By seeding winter wheat at the latest safe date in the 
fall, and spring wheat at the earliest safe date in spring, 
when the soil is moist and cool, with a soil temperature 
of about 40°, the conditions are most favorable for the 
development of a good stand of deeply rooted, vigorous 
wheat seedlings, free from seedling blight. Such plants 
develop rapidly and mature early.—J. W. S. 


RELATION OF SOIL TEMPERATURE TO ONION SMUT 
INFECTION. 


Onion smut was first noticed in the Connecticut 
River Valley in 1869. Since that time it has spread 
throughout the northern onion growing sections from 
New York to Oregon, but has not appeared in the south- 
ern producing areas of Louisiana and Texas, This 
segregation of the disease suggested climatic conditions 
as the principal contributing factor, and some experi- 
ments were conducted by Messrs. Walker and Jones, of 
the Bureau of Plant Industry, to determine the cause 
of this pronounced geographic distribution of the dis- 
ease. See Journal of Agriculture Research, Oct. 29, 
1921, Vol. XXII, No. 5.) 

It was found that some variation in infection occurred 
with different degrees of moisture, but the moisture 
conditions did not appear as a serious limiting factor in 
onion smut infection. 

The relation of soil temperature to the development 
of the host and the parasite was studied under controlled 
conditions, which gave some very interesting and im- 
portant results. Seed germinations and growth took 

lace over a range of soil temperature from 10° to 31° C. 

he most rapid germination and developments of to 
occurred with ool temperatures of 20° to 25° C., and the 
best developments of roots below 20°. 

A ~~ percentage of plants grown on smutted soil 
was infected at soil temperatures ranging from 10° to 
25° C. A decided reduction in infection was noticed 
at about 27°, and complete freedom from the diseuse 
resulted at 29°. The air temperature was uniformly 
frora 15° to 20° C. 

Successive out-of-door plantings at Madison, Wis., 
made in inoculated soil during the growing season, 
resulted in a gradual reduction of infection as the season 
advanced and the soil temperature rose. Complete 
freedom from smut was attained when the daily. mean 
soil temperature at 1 to 2 inches depth remained at or 
slightly above 29° C. for two or three weeks. There was 
also a tendency, as the temperature rose, for the seed- 
lings to outgrow the disease by the sloughing off of the 
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diseased cotyledons before infection of the first leaf 
occurred. 

It appears that the regional distribution of onion smut 
in the United States is conditioned upon the soil tem- 
perature during the seedling stage of the plant’s growth, 
the infection and development of smut being favored by 
the relatively low temperatures and inhibited by the 
high temperatures, with approximately 29° C. as the 
critical point.—J. B. 


HEAVY SNOWSTORM IN SOUTHERN MICHIGAN, 
NOVEMBER 8-9, 1921, 
D. A. Meteorologist. 
[Weather Bureau, Lansing, Mich., Dec. 23, 1921.} 


The heaviest snowstorm ever recorded in this vicin- 
ity occurred November 8 and 9, 1921. The total fall 
at Lansing was 18.9 inches in less than 36 hours. 

The storm was not only unusual as to the amount of 
snowfall, but also from the fact that it came so early in 
the season. Previous to this storm there was no record 
of any snowfall in November exceeding 10 inches. 

The snowfall, as shown on the accompanying chart, 
was heaviest in this immediate section. A strip about 
50 miles wide extending from east to west across the 
south-central part of the State was the only section 
where the snowfall was heavy. In the northern parts 
of the Lower Peninsula none was recorded and there was 
but little in the southern tier of counties. 

The weather map on the morning of November 7 
indicated the development of a low-pressure area over 
Colorado. The pressure was high from Lake Superior 
westward. During the following 24 hours the Colorado 
LoW moved eastward and was central on the morning of 
the 8th over northern Missouri, whence it moved slowly 
up the Ohio Valley. Snow began falling at Lansing at 
10:00 p. m. on the 7th, although the center of the low 
area was still well to the southwestward with clear 
weather in the Ohio and Mississippi Valleys. Snow 
continued heavily all day on the 8th, with the tem- 
perature slightly below freezing. Meanwhile the high- 
cba area moved southeastward over the trans- 

ississippi region. 

The weather map seems to indicate that moisture for 
the heavy maonatall was furnished by outflowing upper 
currents from the low-pressure area to the southwest. 
Temperatures were high near the storm center and 
moderately low in the Lake Superior region, in con- 
nection with the high pressure. e probability is that 
this cold air moving in from the north at the surface and 
mixing with the warm and moist air outflowing from 
the low-pressure area above produced the large amount 
of snowfall. 

The pilot-balloon observation made at this station on 
the afternoon of November 7 showed a backing of the 
wind from north at the surface to west at elevation of 
1,350 meters, where heavy St.-Cu. clouds were entered. 
This rather supports the theory in regard to the sources 
of moisture just mentioned. 

The distribution of snowfall in Lower Michigan is 
shown by figure 1. 


DISCUSSION. 
By A. J. Henry. 


The phenomenon described by Mr. Seeley is of more 
general occurrence than might be supposed; it falls 
within the class of what might be called islands of greater 
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rainfall occurring within large areas of light and moder- 
ate rains. The best examples are found in the Gulf 
States and may be looked for in practically all seasons, 
although more common in the cold than in the warm 
season. This uneven distribution is common to. both 
tropical and extra-tropical cyclones. 
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Fia, 1,—Snowfall in lower Michigan. 


The source of the moisture is, of course, easy to fix, 
but the cause of the uneven distribution is not so easy 
to explain. It can not be due to surface relief because 
along the Gulf coast there is no surface relief worth 
mentioning. 

In the absence of cloud or pilot-balloon observations 
it is not possible to determine the direction of the free- 
air winds over the regions of heavy rainfall, but there 
is every reason to believe that they are from the Gulf. 
In the cold season the air temperature at 3 km. level 
may be, and probably is, higher over the Gulf than it is 
over the adjacent continental area at the same level. 
The warmer air would then override the colder air and 
thus general precipitation would result. But would this 
be the case in tropical cyclones in which excellent exam- 

les of irregular distribution of precipitation may be 
ound? Nothing is known of the temperature distribution 
in tropical cyclones. It would therefore be hazardous to 
place them in the same category with extra-tropical 
cyclones. 

In the case discussed by Mr. Seeley, pilot-ballon ob- 
servations made in the afternoon of the day before the 
snow storm show that southerly winds prevailed up 
to 3 km. and higher over a large area extending from 
Texas northeastward to the Great Lakes. That this 
presumably warm current from the southwest was 
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shown in figure. _ 
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underrun by cold northerly current its origin 
in the Lake Superior region appears to be the explana- 
tion of the heavy snowfall over Lower Michigan as 


TORNADOES OF NOVEMBER 17, 1921, IN ARKANSA 
By W, C. Hicxmon, Observer. 
(Weather Bureau, Little Rock, Ark., Dee. 9, 1921.) 
s¥Nopsis. ‘ 

‘Two tornadoes occurred in Arkansas during the late afternoon and 
evening of November 17, 1921, in which 11 people were killed, 39 or 
more injured, and nearly $20,000 worth of property destroyed. ‘The 
tirst tornado occurred in southern Polk County and followed a west-east 
course; the other, starting in Clark County, moved northeastward 
across Hot Springs County into the southeast edge of Garland County. 
Both were very destructive when touching the earth; fortunately the 
funnel cloud seems not to have been in eontact with the earth at all 
times, but liffed from place to place. 

Preceding and attending weather.—-The morning weather 
map of November 17 showed low pressure covering the 
Mississippi Valley and the Southwest, with the principal 
centers over Illinois and northeastern Arizona; high 
pressure overlay the Canadian maritime provinces and 
the northwestern border. The horizontal temperature 
prediars was steep from Kansas to Arkansas and Texas. 

n the evening the map showed the Arizona Low to have 
increased in intensity. It was centered over New 
Mexico, with a trough extending northeastward across 
Arkansas to the Lakes, the nien in the Northwest moving 
in from the North Pacific. The temperature gradient 
continued steep. The pressure distribution, the marked 
difference in temperature over a small area of the country, 
and the location of the trough, all combined, made a 
condition favorable for the formation of tornadoes in 
Arkansas, 2 

Probably two tornadoes.—While it is not. absolutely 
certain that there were two tornadoes in Arkansas dur- 
ing the afternoon and evening of November 17, the fact 
that the first damage occurred in Polk County near 
5:00 p. m. and the other did not oceur-until 8:30 p. m. 
leads us to believe that the two were separate storms. 
No trace of a destructive storm was found between 
southern Polk County and Clark County, so the two are 
mentioned separately. 

The Polk County tornado.--The first and only serious 
damage done by the tornado in Polk County occurred 
about 1 mile west of Wicks when the home of R. E. 
Weems was totally destroyed and its eight occupants 
killed, their bodies being strewn along the storm’s path, 
one being fully one-half mile from the place where the 
house stood. 

Clark, Hot Springs, Garland County tornado.—Starti 
in sec. 31, Twp. 6 S., R. 20 W., in Clark County, an 
moving in a northeastward direction over a path varying 
in width from one-fourth to three-fourths mile, another 
tornado occurred which killed three people, injured 37, 
and did considerable property damage. 

This tornado did not have a complete path from the 
lumber camp near De Gray to Lonsdale, but the direction 
of its movement and the time of its occurrence indicate 
that it was one and the same storm. Like the one in 
Polk County, the funnel-shaped cloud touched the earth 
only occasionally, but left destruction wherever it 
touched. 

The Lo pra Lumber Co.’s logging camp, near De 
Gray, Clark County, was struck about 8:30 p. m. and 
was torn to shreds by the storm’s fury, only splintered 
timbers remaining of the shacks and boarding cars in 
which the lumbermen and their families lived. In this 
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camp 1 woman was killed and 30 or more people were 
injured. It is estimated that 2,000,000 feet of timber 
ae blown down, of which at least a third will be a total 
oss. 

An unusual feature of the storm noted in this section 
was the absence of rain during its passage. A great 

low lighted up the sky as the storm approached, and 
eavy hail was reported to the northwestward, but with 
the storm itself there was no precipitation. 

Near Magnet Cove, Hot Springs County, one man was 
killed and four other members of his family were injured. 
In this neighborhood the storm cut a swath nearly a 
mile wide, twisting the timber and doing much damage 
to homes and other buildings. A little farther north- 
eastward in Garland County another life was lost, this 
being the last loss of life reported. 

Two years ago the Magnet Cove community was visited 
by a heavy wind, and this tornado seems to have fol- 
lowed almost the exact path made two years ago. 

Heavy precipitation.—The oains of the Low. in 
which these tornadoes occurred brought excessive rains 
in Arkansas the 16th, 17th, 18th, 19th. 


GREAT ICE STORM OF NOVEMBER 26-29 IN 
MASSACHUSETTS. 


A shallow barometric depression (30.10 inches) devel- 
oped during the night of the 26th-27th over the Atlantic 
directly south of Nantucket. This depression was 
formed in a bend of the isobar of 30.20 inches surrounding 
an anticyclone (30.50 inches) central over the mouth of 
the St. Lawrence. The gradients were therefore for 
northeast to north winds over New England, with rain 
and snow, depending upon the temperature. The 
northern HIGH gave way somewhat during the 27th, and 
by the morning of the 28th a large cyclone with central 
pressure 29.50 inches in southwestern Virginia occupied 
practically the whole of the New England and Middle 
Atlantic States and the western portion of the Canadian 
maritime provinces. By this time the snow of the first 
depression had changed to rain, which was general from 
Virginia to the Maine coast, snow falling only in the 
interior of Maine. The Virginia cyclone moved north- 
eastward to the Atlantic south of New England by the 
morning of the 29th, and continued in a course to the 
northeast over the Atlantic. So much for the weather 
maps during the storm period. The following is quoted 
from a letter to the editor from Mr. Royal Robbins, 
Boston, Mass.: 


The storm caused a snowfall of over 2 feet in northern New England, 
and heavy rain with some snow in the southern portion of New England. 
Over an area of perhaps 3,600 square miles, 60 miles west and north 
from Boston, this heavy rain froze as it fell for parts of three days, 
resulting in the most severe ice storm within living memory. Rain 
fell for many hours, with a temperature of 26° (F.) and a total precipi- 
tation of more than 3 inches of rain. 

Over this large area, chiefly in northeastern Massachusetts, where 
the rain froze as it fell, the damage feotenly exceeded that of any 
storm on record in the same territory. e loss to telegraph, seepene, 
and electric lighting companies is estimated at over 5 million dollars, 
while more than 100,000 trees were ruined. The value of the latter is 
difficult to compute, but would probably reach 5 or 10 million dollars 
more. The loss of this great number of beautiful trees in cities and 
towns is irreparable. 

While several gales occurred off the coast, the winds in the ice area 
did not exceed 30 miles per hour, so that the actual weight of ice was 
the chief cause of the great damage. The weight on the wires is sai! 
to have been about 2 tons between telegraph poles, 2,700 of which 
poles fell on one railroad in the 60 miles immediately west of Boston. 

e area of destruction was bounded on the north by the region where 
the precipitation was entirely snow; and on the south and west by the 
region where the rain did not freeze. 
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Dr. C. F. Brooks and Mr. G. F. Howe, writing in the 
Bulletin of the American Meteorological Society, give the 
following account of the storm as experienced. at 
Worcester, Mass. : 


Even the “oldest inhabitant” admits the ice storm of November 26- 
29 was the worst that has been known in this section. The ice and 
sleet which collected on Thanksgiving Day were practically gone when 
the storm started. Friday was brilliantly clear till late afternoon, and 
Saturday morning the sky was covered with a thick, snowy, alto-stratus 
cloud. Snow began to fall at 2 p. m. and continued heavily until 4:45 
p. m., when it changed to rain. The temperature of wet surfaces 
remained below freezing and the rain froze, meee | a crust on the snow. 
Sunday it rained till afternoon, when sleet and moderate rain fell 
intermittently. The temperature fell to 25° F. in the evening. About 
10 p. m. it started to rain steadily. By Monday morning the ice which 
had formed on the trees was nearly an inch thick on exposed branches 
and many of the upper ones had broken off and fallen to the ground. 
The rain continued all day Monday with the rising north-northeast 
wind, and the temperature just below pe ey © By 5 p. m. it was 
— to walk along the street, so many limbs and wires were 


A wild night followed. Sleet rattled and rain pattered and the 
ice-laden trees creaked continuously. With the passage of each roaring 
gust, down crashed at branches from trees. The low clouds were 
intermittently lighted by vivid green flashes from trolley wheels. At 
daylight a thunderstorm with pink flashes of lightning awakened the 
people to a scene of sad destruction. Pelting rain and sleet continued 
to drive by at high .. The heavy rain which fell Monday night 
did not freeze as much as that which fell previously, except where the 
wind was uninterrupted, as the lowest temperature was 28. This water 
combined with a new fall of 1} inches of sleet and the previous ice, 
covered ener with 5 inches of slush and water. e thunder- 
storm on Tuesday morning announced the approach of the end. By 
Tuesday noon there was hardly a tree that not lost at least one 
good-sized branch. Ice on exposed ordinary insulated electric wires 
about one-fourth inch in diameter was more than 2 inches thick, and 
woe’ upward of 1.3 pounds per foot.' It was computed that ice 
on the side of any dense, unbroken evergreen tree 50 feet high and on 
the average 20 feet wide would have weighed 5 tons. > crews 
were kept keeping the main thoroughfares cleared of the débris. 
Telephones, electric lights, telegraphs—everything was out of order. 
Whole lines of telephone and trolley any were snapped at the base, 
on ee! both services. For days trolleys did not run in many places 
and trains were hours late, as the crews had to stop to remove poles 
from the track. Schools were closed and mail service was badly inter- 
rupted. Several people were injured by falling branches and ice, and 
a number of horses were killed. The damage in Worcester was esti- 
mated at several hundred thousand dollars. 

The total precipitation which fell in the 75} hours of the storm was 
4.05 inches as collected in the rain gage on the roof of the main building, 
Clark University. Of this, 0.28 was melted snow, and about 1.65 
melted sleet. On the following day, bright sunshine soon relieved 
unbroken branches of some of their load of ice, though not without first 
inflicting further damage to some trees by expanding the ice on over- 
weighted limbs. 

> su of cold air flo southwards, and of warm air 
wan above it. The cold wind at the surface, as is usual 
sleet or ice storms occur, formed a barrier over which the warm wind 
had torise. It was this rising and the consequent cooling by expansion 
which reduced the vapor capacity of the wind aloft and thus produced 
rainfall. The two currents in this case were surprisingly well Foleneed- 
The temperature of the lower one did not rise enough above freezing 
to prevent the continued formation of ice, while the wind above, after 
the first fall of snow, remained rw mere | so much above freezing 
that all the precipitation from it was in the form of rain. 

It was interesting to note that the conditions which gave the big ice 
storm here also caused very severe ice storms in Sim and Washington 
on November 20 and 21, said to be the worst since 1916, and destroyed 
thousands of orchard trees. 

—A. J. H. 


ANALYSIS OF SUMMER PRECIPITATION AT MOUNT 
VERNON, IOWA. 
By W.A Moore and Donaip Corverr. 
{Cornell College, Mt. Vernon, lowa.} 


The following table gives the results of chemical 
analyses of rains which fell at Mount Vernon, Iowa, 
during the summer of 1921, in parts per million. 


1 A piece of ice 9.5 inches long, which had fallen from an electric wire on the south 
side of Coes Pond, was picked up on the morning of Dec. 11. It weighed exactly 1 pound 
‘The tce was 1.8 to 2 inches thick and 2.3 to 2.6 wide. 
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3 June 20 | June 25. | June 27 June 27 July 4}. July 4 July 18 | July 28 ug 
Total precipitation 0.25 0.42 0.90 | 0.30 0.22 0.49 0.77 
16.0 184.0 18.0 | 4.60 | 254.23 18.00 None. | 116.0 720.83 
Albuminoid 27.0 28.00 8.00 18. 60 10.80 14.00 4.80 92. 62 
Carbon dioxide... ... he ob 200. 16.0 26.4 53. 60 29. 40 69. 60 19. 50 26, 25 483,15 
118.8 75. 20 52.60 60. 04 5. 72.70 283. 40 23.00 25.00 616.04 


NOTES, ABSTRACTS, AND REVIEWS. 


Miss Frederica Boerner. 


We regret to announce the death of Miss Frederica 
Boerner, at Veyay, Ind., on October 27, 1921. 

Miss Boerner was the daughter of Charles G. and 
Josephine Boerner. She came with her parents from 
Ohio to Vevay when she was a mere child and spent 
practically her lifetime in that place. 

On the death of her father in 1900, she succeeded him 
as cooperative weather observer, and has maintained the 
record with a few unimportant lapses due to illness for 
upward of 20 years. To the efforts of father and daugh- 
ter, there is preserved to southeastern Indiana a practi- 
cally unbroken record of the weather since 1865. Aside 
from her interest in keeping watch of the weather, Miss 
Boerner found time to take an active interest in the social 
and religious affairs of her home city, She passed away 
respected and loved by all who knew her. 


ANNUAL MARCH OF TEMPERATURE IN SAMOA, 
By G. ANGENHEISTER, 
[Abstracted from Meteorologische Zeitschrift, Feb., 1921, pp. 47-50.) 


A discussion of 30 years of observations reveals the 
fact that the annual march of monthly means of temper- 
ature is similar to the annual march of radiation, which 
may be computed by the formula 


J = J,(d"" 960")? fsin h dt, 


where / is the altitude of the sun, ¢ the hour angle of the 
sun, and d the apparent radius of the sun in seconds of 
are. The integral has to be computed between sunrise 
and sunset. the atmospheric extinction is taken into 
account, the above formula becomes 


| 
J =J sin h dt, 


where ¢ is the extinetion coefficient. As extinction does 
not appreciably change the character of the curves, we 
can disregard it. 

The temperature follows radiation,’ their apparent 
difference in phase being equal to from one-half to one 
month. They both show a deep minimum in the middle 
of the year and a flat maximum at the beginning. 
Although the sun crosses the zenith of Samoa twice a 
year (Oct. 30, and Feb. 12), the daily amount of radiation 
shows only one maximum in January because of the 
variation of the length of the day. When the radiation 
in Samoa diminishes about 1 per cent, the mean monthly 
temperature (with a retardation of one month as stated 
above) decreases about 0.0273°C. This coefficient varies 


! The author is here evidently considering changes in radiation due to the changing 
declination of the sun,—not to changes in the intensity of solar radiation. 2 prror. 


ut different places on the earth’s surface. Knowing this 
coefficient and the mean temperature of one month for a 
certain station, it is possible to compute with great 
nccuracy the annual march of temperature from the 
annual march of radiation.’ 

It is understood that such a simple relation is to be 
expected only in the uniform areas. of tropical oceans. 
For Samoa, the difference between the computed temper- 
ature and the observed one is less than 01°C" The mean 
annual amplitude (observed) in Samoa is 1.1°C. The 
result of the investigation of the relation between the 
annual march of radiation and. temperature is the 
following: Island stations damp the influence of short- 
period variations of radiation, while the long-period 
variations, although of small amplitude, are very well 
expressed. The contrary is observed at the land stations. 

aximum temperature occurs in Samoa shortly after 
noon. For two or three hours after that time, the 
temperature hardly changes, the average change being 
no more than 0.01°C.—J. P. 3 


CITRUS CROP INSURANCE IN FLORIDA. 


The following excerpts from the Floride Grower and the 
Tampa Tribune will be of interest in connection with the 
question of crop insurance as a possible substitute for the 
expensive smudging operations against frost: 


Crop insurance is here at last. A Philadelphia firm * * * rep- 
resenting several big fire insurance companies is now prepared to write 
frost insurance on citrus As I understand it [the representative] 
will write policies on individual groves or an association may take out a 
blanket policy on the crop of all its members. No provision is made 
for insuring trees, though that may come another year; it is being 
considered. Insurance applies only to fruit actually on the trees at 
time of damage and does not include injury to bloom, the policy auto- 
matically expiring on March 15. No policy goes into effect until 72 
hours after it has been written. I presume this latter is to forestall 
applications that might be made at a time when a freeze may have 
been predicted b Weather Bureau. Insurance will be confined 
to the south of the northern borders of Volusia, Marion, and Citrus 
Counties. Rates will be on a sliding scale, water protection having an 
influence in the rate making. The lowest rate be 6 per cent and 
the frost danger. 

Great interest will no doubt be aroused among the growers at this 
announcement, Florida should feel honored that the plan is to be 
tried ont here first. California will probably be considered another 


2 This study of the relation between the annual march of temperature In Samoa and 
the annual march of radiation is a specific example of a problem which was treated in 
a more general way for the whole earth by Angot, in Annales du Bureau Central Mété- 
orologigue de France, for the year 1883, Pp. B121-B169, in a paper entitled Recherches 
théoretiques sur la distribution de la chaleur a la surface du globe. e paper begins with a 
general bibliographic discussion, and proceeds to the development of formulae which 
give the heat received at the outside of the atmosphere in different seasons; next the 
= of atmospheric a tion is treated and heat received at the surface with 

‘erent degrees of atmospheric a discussed. ‘The formula used by Angen- 
heister above appears in essentially the same form in Angot’s paper. A more detailed 
discussion follows in which the amount of heat received annually at each !atitude from 
the equator to the poles, by ten-degree intervals, the heat received on the same day in 
different latitudes, and the total heat received the year at different latitudes, 
are . The work is im t and forms a su tial foundation for studies 
similar to that carried out by Angenheister.—C. L. M. 
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. The plan has infinite possibilities in the safeguarding of a citrus 
ath eo aoe no doubt in the future mort; will insist that a 
crop be insured and when the time comes that the companies will 
consider tree insurance citrus property will take its place as security 
along with other real estate securities; stabilizing the industry; possi- 
bly making Government farm-loan funds more available.— Florida 
Grower, Nov. 28, 1921. : 

Arcapia, Nov. 21.—The first frost insurance policy ever written in 
this city was written here Monday in favor of the Arcadia Citrus 
Exchange branch of the county organization for the amount of $75,000 
to cover this year’s crop from frost or freeze. The premium is 10 per 
cent of the amount of the insurance carried and will cost the 
grower sattshere of the exchange $7,500, which is divided pro rata on 
the box basis, and will cost the 250 members 3 cents per box, basing 
the estimate on a normal crop.— Tampa (Fla.) Tribune, Nov. 28, 1921. 


ATMOSPHERIC ELECTRICITY AND THE MOVEMENT OF 
DEPRESSIONS.' 


By J. Lacoste. 
{Abstracted from Comptes Rendus, Nov. 7, 1921, pp. 843-845.] 


Studies made during the summer of 1921 at the Geo- 
hoy Institute of Strasbourg, on radiogoniometry, 

ave led to interesting meteorological relations between 
the direction of maximum intensity of “strays” and the 
movement and shape of depressions. The author has 
stated four tentative laws concerning this relation: 

1. In the case of a well-defined circular depression, the 
maximum intensity of strays is observed in the direction 
of the southern or southeastern part of the depression; 
the change of this direction of maximum intensity serves 
to follow the movement of the depression. 

2. In the case of an elliptical depression, less well 
marked, the maximum intensity, as in the first case, is 
observed to come from the southern or southeastern parts. 
This case is less satisfactory than the first. 

3. In the case of secondary depressions, or the baromet- 
ric fluctuations along squall fronts, the maximum is 
difficult to determine. 

4. A squall close at hand gives violent strays. 

These observations have permitted the author to follow 
the movements of known depressions, and also to forecast 
the arrival of those as yet unseen on the weather map. 
He also found a striking relation between observations of 
maxima in 1920 and the corresponding barometric 
distribution. This, he believes, points the way to a new 
viewpoint in the forecasting of weather..-C. L. M. 


ARTIFICIAL PRODUCTION OF RAIN. 


By Dr. Harowp Jerrreys. 
(Reprinted from Nature, London, Nov. 3, 1921, pp. 313-314.) 


In an article in the Times of October 17 an account is 
given of the achievements of Mr. Charles M. Hatfield in 
producing rain. The method used is not described in any 
detail. A tank filled with certain unspecified “chem- 
icals’’ was exposed at a height of 25 feet above the ground, 


and it is claimed that this had the effect of producing & — 


inches of rain in three months at Medicine Hat, 22 miles 
away. The theory of the method is that the apparatus 
draws clouds from other parts to the Medicine Hat dis- 
trict and causes them to precipitate their moisture there. 
No direct observations of the motions of clouds. are 
mentioned in confirmation of this theory, though they 
should not have been difficult to obtain. I 


! Sur la relation existant entre les directions des dépressions et les directions des maxi- 
mums des parasites atmospheriques. = 


NoveMBeEr, 1921 


The official raingage at Medicine Hat during May, 
June, and July, the period of the contract, recorded 4.8 
inches, which was 1.3 inches below the normal for the 
station for those months. Further comment on the suc- 
cess of the experiments is unnecessary. | 

The financial side of Mr. Hatfield’s contract with the 
United States Agricultural Association of Medicine Hat is 
for the association was prepares 
to pay r. Hatfield as if 8 inches of rain had fallen. 
Still more interesting is the fact that he was promised 


» $4,000 for 4 inches and $6,000 for 6 inches. Since the 


normal: rainfall is 6.1 inches Mr. Hatfield would have 
been much more likely than not to make a substantial 
profit even if he had done nothing at all. 

It may be mentioned that at Calgary, Alberta, the rain- 
fall was 3 inches below normal; at Edmonton, it was 3.1 
inches above; and at Qu’Appelle, Saskatchewan, 300 
miles to the east, it was 3.85 inches above normal. . 

It is also stated that at Los Angeles, in the first four 
months of 1905, Mr. Hatfield guaranteed 18 inches of 
rain, and that his own raingage showed 29.49 inches. _ If 
this is correct the rainfall must have been extremely local, 
for the official raingage at Los Angeles in those months, 
showed only 14.98 inches. Still, this was 4.4 inches above 
normal. At San Diego, however, which is 200 miles 
away, the excess was 4.6 inches, and it appears likely that 
the abnormality at both stations was due to more wide- 
spread causes than Mr. Hatfield’s chemicals. . 

“Attempts have on many previous occasions been made 
to produce rain by artificial means, but the results have 
been uniformly unsuccessful. The reason is not difficult 
to see. To make the water vapor in the air condense it is 
necessary to cool the air in some way to a temperature 
below the dew point. This may be done in two ways. 
One may cool the air directly, for instance by the eyapor- 
ation of liquid carbon dioxide or liquid air. This cer- 
tainly would produce a little condensation; the fatal ob- 
jection to it is that it would be thousands of times 
cheaper to distil sea water. The other method is to raise 
the air. The pressure decreases with height, and to 
reduce the pressure on a particular mass of air is known to 
cool it. The difficulty is to raise it enough. To produce 
an inch of rain over an area of 100 square miles requires 
the condensation of 6,000,000 tons of vapor, and to 
achieve this some hundreds of millions of tons of air must 
be lifted up. The distance it must be raised depends on 
how nearly saturated it was originally, but it could not be 
less than a kilometer in ordinary fine weather conditions. 
We have no source of energy at our command great 
enough to achieve this. 

It is often suggested that rain may be produced by 
exploding shells or otherwise agitating the air. The 
action is compared with that of a trigger, a large amount 
of energy being released by a small effort. An essential 
feature is, however, overlooked. For a trigger to work, 
there must be a large supply of potential energy only 
— release. Precipitation from partially saturated 
air would require an actual supply of new energy. There- 
fore a trigger action can not produce precipitation. 


Apropos of the above, the following account of rain- 
maker Hatfield’s exploit in the State of Washington is 
not without interest: 


* * * * 


The people of Washington have taken a lively interest in the efforts 
of a professional rain near Moses Lake, who was engaged by the 
Commercial Club of Ephrata to arra for enough precipitation to 
insure bountiful crops this summer. Hundreds of visitors, bitten by 
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the curiosity, have gazed upon the curious tower from which mysterious 
gases were supposed to flow into the atmosphere. As a sporting propo- 
sition the attempt of the rain maker was not without public interest; if 
he produced rain he was to receive adequate remuneration, but if he 
failed he was to have nothing but the inexpensive good wishes of the 
community. Now the rainmaker has gone and almost immediately 
the skies open up and discharge their heavy load of moisture. Skep- 
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tical persons may refuse to see any connection between the mysterious 
‘‘forces” loosed by the rainmaker and the cloudbursts in eastern 
Washington, but the miracle man, it appears, is able to recognize the 
storms as his own. Especially, he avers; does the rainfall at Ephrata 
have his private brand, although its arrival was somewhat late.—- 
* * * Post Intelligencer, Seattle, Wash., July 17, 1920. Reprinted 
from Bulletin American Meteorological Soc., Aug. 1920, pp. 80-82. 
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NOVEMBER, 1921. 
By Hersert H. Meteorologist. 


For a description of instruments and exposures, and an 
account of the method of obtaining ane reducing the 
measurements, the reader is referred to this Review for 
April, 1920, 48: 225. 

Table 1 indicates that solar radiation intensities 
averaged shightly above the November normal at Wash- 
ington, D. C., 
at Lincoln, Nebr. At Madison, Wis, there were only two 
days with an average cloudiness below 60 per cent, and 
in consequence few solar radiation intensity measure- 
ments were made. Table 2 shows that the total radi- 
ation received on a horizontal surface was below the nor- 
mal for November at both Washington and Madison, the 
deficiency at each station amounting to about 17 per 
cent. 

Skylight-polarization measurements made on four days 
at Washington give a meéan of 64 re cent and a maxi+ 
mum of 70 per cent on the 25th. At Madison, measure- 
ments obtained on the 4th give 71 per eént of polariza- 
tion. The measurements Stained at Washington are 
average values for November at that station. | 


TaBLe 1.—Solar radiation intensities during November, 1921, 
(Gram-calories per minute per square centimeter of normal surface.} 
, Washington, D, C. 


Sun’s zenith distance. 


4 


8.asm.| 78.7°| 75.7°''70,7° |60.0° | 0.0° | 78.7° |Noon. 
! 


Date. 75th Air mass. Local 
mean 
dian solar 
time. A. M. Pox. time. 

e | 60) 30 | 20} 410) 20 30 40 | 50} 
mm.} cal. | cal. | cal. cal. 

6.76). 0. 0. 96)... 
| 4.75) 0. 59)...... 0.93) 1.12) 

dares 10: 50)... 

0. 1.08 131 

Departures. ....}.. 12}—-0. 12) +0. O1)+ 0. 03 

Madison, Wis. 


and Santa Fe, N. Mex., and slightly below 
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SOLAR AND SKY-RADIATION -MBASUREMENTS DURING TaBLe 1.—Solar radiation during November, 1921--Continued. 
re Lincoln, Nebr. 


Date, 


Sun’s zenith distance. 
8 a.m. 75.2? 60.0° | 0.0° 70.7° 
Air mass. 
A.M, P.M. 
2.0 | *1,0 3.0 


oh 


(1.38)) 
'4-0.02|40 
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*Oxtrapolated. 
TABLE 2.—Solar and sky radiation xeceived on a horizontal surface. 


Average daily departure) 
for the week. 


Wash- | Madi- | Lin- | Wash- | 


225 
12. . <j 190 
19...! 162 
26 ‘| 108 


ington.| son. 
{ 
cal. | cal. 
Lag 
—46 


MEASUREMENTS OF THE SOLAR CONSTANT O 
RADIATION AT CALAMA, CHILE. 


By ©. G. Anpor, Assistant Secretary. 


(Smithsonian Institution, Washington, January —, 1922.} 


Nore.—In the December issue of this Review, the 
publication of the reports from Calama, Chile, will be 


resumed and brought down to date.—Epiror. 


Excess or deficiency 
since first of year. 


417 
mm.| cal. | cat. cal. cal, | cal. | cal, | cal. cal. mm. 
Santa Pe, N. M, 
ginning. 
| Wash-| | “Lin: | Madi- | Lin, 
|ingtom.} son, | coin. | coin son. | coln. 
| cal. eal. | cal, | | eal. | eal. cal, 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN. 
By F. A. Youne. 


The average pressure for the month was considerably 
lower than usual at St. Johns, Newfoundland, while at 
all other land stations on the American coast it was not 
far from the normal, the same conditions holding true 
at the Azores, Bermudas, and British Isles; except at 
Lerwick, Scotland, and London, England, where the 
departures were positive. 

mparatively few reports of fogs were received from 
vessels in the vicinity of the Grand Banks and steamer 
lanes, while it was = Gentes frequently at land stations 
in Great Britain. 

The number of days with winds of gale force was 
somewhat greater than usual; especially over the central 
and western sections of the ocean. 

On the ist there was a fairly well-develo Low of 
limited extent in mid-ocean, with moderate gales between 
the thirty-fifth meridian and coast of Newfoundland. 
Storm log follows: 

American S. S. City of Philadelphia: 

Gale began on the lst, wind SSE. Lowest barometer 29.24 inches 
ai 6 a. m. on the lst, wind SSE., in latitude 46° 15’ N., longitude 39° 


32’ W. End on the Ist, wind SSE. Highest force of wind 8, SSE.; 
steady from SSE. 


This disturbance moved in a northeasterly direction, 
gradually increasing in force, as on the 2d only light to 
moderate winds were reported, with fog in the southeast 

uadrants. On the 2d, Halifax, Nova Scotia, was near 
the center of a second Low, which moved very slowly 
toward the northeast, reaching a point near St. Johns, 
Newfoundland, on the 4th. On the 5th and 6th it 
remained nearly stationary, increasing in force, and on 
the latter date the storm area extended between the 
thirty-fifth and fiftieth parallels, west of the fifty-fifth 
meridian. On the 6th ieee was also a disturbance off 
the British coast. Storm logs follow from vessels in 
different localities, and covering the period from the 
2d to the 7th. 

Belgian S. S. Kremlin: 

Gale began on the Ist, wind SW. Lowest barometer 29.67 inches at 
9 p.m. on the Ist, wind SW., 9, in latitude 39° 19 N., longitude 63° 
52’W. End onthe 4th. Highest force of wind, 10; shifts NW.-SW, 

American S. §. Finland: 


Gale began on the 4th, wind SE. Lowest barometer 29.32 inches 
at 4.30 p. m. on the 4th, wind SE., 7, in latitude 42° 49’ N., longitude 
56° 38’ W. End 7 p. m. on the 4th, wind NNW. Highest force of 
wind, 9; shifts SE.~NNW. 

British S. S. Kabinga: 


Gale began on the 5th, wind W. Lowest barometer 29.63 inches at 
midnight on the 5th, wind NW., 10, in latitude 40° 02’ N., longitude 
58° 35° W. End on the 6th, wind WNW. Highest force of wind, 10, 
NW.; shifts SSW.-W.-NW.-WNW. |. 

Norwegian S. S. Ranenfjord: 

Gale began on the 5th, wind SE. Lowest barometer 29.38 inches at 
1.30 a. m. on the 6th, wind SW., 10, in latitude 50° 18’ N., longitude 
46° 24’ W. End midnight on the 6th, wind SW. Hichest force of 
wind, 10; steady from SW. 

American S. S. Mount Clay: 

Gale began on the 6th, wind Nw. Lowest barometer 28.78 inches 
at midnight on the 6th, wind NW., 10, in latitude 52° 56’ N., longitude 
4°08 E. Endonthe 7th, wind NW. Highest force of wind, 11, NW.: 


. steady from NW. 


On the 8th still another disturbance appeared off the 
Newfoundland coast, which was, however, of moderate 
intensity and extent; this moved rapidly northeastward, 
and on the 10th the center was apparently not far from 
Iceland. On the 10th there was a tow off Nantucket 
that moved slowly up the coast, and on the 11th it was 


near St. Johns, Newfoundland; it then curved toward the 
east, and moving rapidly, was in British waters by the 
13th. Storm logs follow: 


British S.S. Kenbane Head: 

Gale began on the 8th. Lowest barometer 28.72 inches at 4 p. m. 
on the 8th, wind N., 10, in latitude 53° N., longitude 50° W. End at 
noon Ay the 10th. Highest force of wind, 10; shifts, 2 points (at in- 
tervals). 


French 8S. S. Roma: 

Gale began on the 10th, wind SE. Lowest barometer 29.84 inches at 
5.44 p. m. on the 10th, wind SW., 9, in latitude 37° 44’ N., longitude 
59° 08’ W. End on the llth, wind WSW. Highest force of wind 9, 
SW.; steady from SW. 

British S. S. Alpine Range: 

Gale began on the 10th, wind SE. Lowest | arometer 29.20 inches at 
4 p.m. on the llth, wind NW., 9, in latitude 50° 20’ N., longitude 
46° W. End on the 12th, wind NW. Highest force of wind, 10: shifts 
SW. bv N. 

Dutch 8S. Nieww Amsterdam: 

Gale began on the 12th, wind SSW. Lowest )arometer 21.46 inches 
at 4 p. m. on the 13th, wind WSW., 11, in latitude 47° 56’ N., longitude 
36° 42’ W. End on the 15th, wind NW. Highest force of wind, 12, 
WSW.; shifts WSW.-NW. 

American S. 5S. Quistconch: 

Gale on the 12th, wind SSW. Lowest barometer 29.39 inches 
on the 12th, wind SSW.., 10, in Jatitude 55° 06’ N., longitude 14° 30’ W. 
End on the 13th, wind SSW. Highest force of wind, 10, SSW.; steady 
from SSW. 

Belgian S. S. Eglantier: 

Gale began on the 12th, wind 8. Lowest barometer 29.11 inches at 
4 a. m. on the 15th, wind SSW., 9, in latitude 51° 15’ N., longitude 
21° 10’ W. End on the 17th, wind SSW. Highest force of wind, 10; 
shifts SSW.-WSW.-W.-WNW. 

Charts IX, X, XI, and XII show the conditions on 
the 14th, 15th, 16th, and 17th, respectively, when the 
greater portion of the steamer lanes was swept by heavy 
Fale, which on the first three days extended to the 

ritish coast. Storm logs follow: 


American S. 5S. Glen Ridge: 

Gale on the 13th, wind SW. Lowest barometer 29.68 inches 
on the 16th, wind S., 10, in latitude 48° N., longitude 32° W. End 
on the 16th, wind SW. Highest force of wind 10, S.; shifts S.-WSW, 

American 8.58. W. M. Burton: 

Gale began on the 15th, wind SW., 4. Lowest barometer 29.37 
inches at 6 a. m. on the 16th, wind W.. in latitude 45° 20’ N., longitude 
55° 20’ W. End of gale on the 17th, wind NNW., 5. Highest force of 
wind 9, W.; shifts SW.-W. 

British S. S. Randa: 

Gale began on the L5th, wind 8. Lowest barometer 29.74 inches at 
2 a.m. on the L5th, in latitude 58° 40’ N., longitude 2° 40’ W. End 
on the 17th, wind SE. Highest force of wind 9; shifts ESK.-SE. 

American S. S. City of Freeport: 

Gale began on the 17th, wind 8., 7. Lowest barometer 29.89 inches 


at 8 a. m. on the 17th, wind SSW., 9, in latitude 50° 30’ N., longitude 
23° 55’ W. End on the 17th, wind SSW. Highest force of wind 9, 


‘SSW.; shifts SW.-SSW. 


On the 19th there was a tow near Porto Rico that 
moved westward with all the characteristics of a tropical 
hurricane, which was most unusual for so late in the 
season. On the 23d and 24th the center was in the 
western Caribbean Sea, and on the latter date it began 
to fill in, as by the 25th it had practically disappeared. 
This was a moderate depression and limited in extent, 
as _ one of the many vessels that were in its path re- 
ported winds of gale force. Storm log follows. 

American S. Mexican: 

Gale began on the 20th, wind NE. Lowest barometer 29.74 inches, 
wind NE., 7, in latitude 23° 40’ N., longitude 74° 22’ W. End on the 
22d, wind NE. Highest force of wind 10, NE.; steady from NE. 

On the 19th there was also a disturbance central near 
latitude 44° N., longitude 21° W., and northerly gales 
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covered a limited area in the westerly quadrants, as 
shown by following storm logs. 

British S. S. Arkansas: 

Gale began on the 17th, wind NW. Lowest barometer 29.70 inches 
at 5 p.m. on the 20th, wind N., 10, in latitude 42° 30’ N., longitude 
30° Si W. End of the 22d, wind NNE. Highest force 10; shifts 
NNW.-NNE. 

Danish S. S. Virginia: 

Gale began on the 19th, wind NNE. Lowest barometer 29.63 inches 
at 2 p. m. on the 19th, wind NNE., 10, in latitude 44° 38’ N., longitude 
33° 10° W. End on the 19th, wind NNE. Highest force of wind 10, 
NNE.; steady from NNE. 

This disturbance increased considerably in extent 
during the next three days, and on the 21st and 22d a 
number of vessels in the southeastern division of the 
ocean reported moderate to strong gales. Storm log 
follows: 


American 8S. S. Pioneer: 

Gale began on the 20th, wind NNE. Lowest barometer 29.82 inches 
at 1] a. m. on the 20th, wind NE., 7, in latitude 35° 15 N., longitude 
41° 48’ W. End on the 22d, wind NNE. Highest force of wind 8, 
NNE.; steady from NNF. 

On the 22d there was a Low of limited extent off the 
south coast of Newfoundland. Storm log follows. 

British S. S. Comeric: 

Gale began on the 22d, wind NW. Lowest barometer 29.86 inches 
at 5 a. m. on the 22d, wind NW.. 9, in latitude 41° 30’ N., longitude 
pagal aE End on the 22d, wind N. Highest force of wind 9; shifts 
S.-NNW. 

This disturbance remained nearly stationary duri 
the next two days, varying in intensity, and by the 24 
it was of exceptional severity, as shown by following 
storm logs. | 

Belgian S. 5. Hglantier; 

Gale began on the 23d, wind WNW. Lowest barometer 28.96 inches 
at 1l a. m. on the 25th, wind N., 8, in latitude 44° 38’ N., longitude 
54° 40’ W. End of gale on the 26th, wind W. Highest force of wind 12: 
shifts, 

American S. S. City of Freeport: 

Gale began on the 23d. wind NNW., 7. Lowest barometer 29.39 
inches at 8 a. m. on the 25th, wind W., 10, in latitude 42° 35/ N.., 
longitude 57° 10’ W. End of gale on the 26th, wind WNW. Highest 
force of wind 11, W.; steady from W. 

From the 25th to the 26th this Low moved rapidly in 
a northeastward direction, as on the latter date the 
center was near latitude 49° N., longitude 38° W. Storm 
logs follows. 

ritish S. S. Parthenia: 

Gale began on the 25th, wind SSE, Lowest, barometer 29,30 inches 
at 3 p. m. on the 26th, wind SSE., 9, in latitude 53° 50’ N., longitude 
28° 42’ W. End of gale on the 26th, wind SSE. Highest force of 
wind 10, SSE.; shifts not given. — 

_On the 28th and 29th there was a disturbance of 
limited area near Hatteras, in which only one vessel re- 
ported heavy weather. Storm log follows: 


American S. 8. W. G. Warden: 

Gale began on the 27th, wind 8. Lowest barometer 29.76 inches at 
9.50 p. m. on the 28th, wind WSW., 10, in latitude 32° N., longitude 
76° 26’ W. End of gale on the 29th. Highest force of wind 11; shifts 
SSW.-WSW.-W. by N. 

On the 30th there were two well-defined Lows on the 
Atlantic; one central near Sydney, Nova Scotia, and the 
other near latitude 51° N., longitude 20° W. Gales were 
reported by vessels in widely scattered sections of the 
ocean, as shown by. the following storm logs. 

British S. S. Navarino: 

Gale began on the 30th, wind SSW. Lowest. barometer 29.50 inches 
at yur on the 30th, wind SW., 8, in latitude 38° 34’ N., longitude 
50° 40’ W. End of gale on December 3, wind NW. Highest force of 
wind 9, NW.; shifts SW.-WSW.-W.-NW. 

Dutch S. S. Fibergen: 


Gale began on the 29th, wind SE. Lowest barometer 29.20 inche 
at 7 a. m. on the 30th, wind S,, 10, in latitude 50° 52’ N., longitude 
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shifts SE.-8.~SW. 


GLY, 
11° W. Kind of gale on the 30th, SW., 4. Highest force of wind 10; 


American S. 8. H. Flagler: 


Gale on the 30th, wind SW. Lowest barometer 29.80 inches 
on the:30th, wind SW., 7. in latitude 36° 15’ N., longitude 7° 18’ W. 
ber of _ December 1, wind W. Highest force of wind 9, SW.; 

ifts SW.-8. 


NORTH PACIFIC OCEAN. 
By F. G. 


At all three island stations in the eastern part of the 
North Pacific Ocean. pressure during November was 
below normal by small amounts, as follows: Dutch Har- 
bor, 0.19 inch; Midway Island, — 0.04 inch; Honolulu, 
~ 0,02 inch. At the first-named station there were two 
malve depressions, one reaching a minimum of 28.82 
inches on the 8th, the other a minimum of 28.52 inches 
on the 27th. The highest pressure was 30.02 inehes on 
the 13th. At Midway Island the lowest pressure, 29.80 
inches, occurred on the 14th and the highest, 30.26 
inches, on the 19th, 21st, and 22d. At Honolulu the 
lowest and highest pressures, with dates, were, respec- 
tively, 29.79 inches on the 16th, 30.13 inches on the 23d. 
Along the American coast from Cape Mendocino north- 
ward pressure was slightly below normal; to the south- 
ward of that point it was somewhat, above normal. 

Considering the ocean as a whole the month must be 
regarded as stormy, no less than 30 reporting vessels on 
trans-Pacifie routes having experien ales on one or 
more days, although during the first half of the month 
relative quiet prevailed east of the 165th meridian, E. 
longitude. West of this meridian numerous gales oc- 
curred, centering chiefly around the periods 4th-10th 
and 18th-23d. 

On the 2lst an unusually severe storm prevailed on 
the Oregon and British Columbian coasts. It accom- 
panied a deep depression which formed on the south- 
western side of an extensive area of high pressure that 
developed between Alaska and Hudson Bay on the 19th. 
and 20th. In this storm the American tug Sea Eagle, 
bound from San Francisco to Astoria, an ing a 
crew of 12 men, was lost with all hands off Peacock Spit. 

From the 24th to the 27th vessels on the eastern part 
of the northern steamer route experienced fresh to strong 
southerly to westerly gales. 

Representative storm logs for November are as follows: 

American 8. 8. Abercos, Capt. Olaf H. Hansen, Observer C. D. Felter, 
Portland for Panama. Gale began on 3d in latitude 14° 18’ N., longi- 
tude 96° 07’ W., wind NE.; lowest barometer 29.89 inches at 4 a. m., 
same date; highest force of wind, 8, NE.; shifts, NE., E., NE,, NNE.; 
ended on 4th. 

American schooner Melrose, Capt. F. K. Klebingat, Hilo for Port 
Angeles. Gale began on 3d, wind SE.; lowest barometer, 29.56 inches 
at 4 a. m. of the 4th in latitude 47° 55’ N., dongerore 129° 04’ W.; 

ighest force of wind, 11, SSE.; shifts, SSE., S., W. 

ritish 8. S. Empress ef Japan, Capt. A. V. R. Lovegrove, R. N. R., 
Observer G. Clarke, Vancouver for Yokohama. Gale on Ist, 
wind S.; lowest barometer, 29.08 inches, at 8 p. m., same date in lati- 
tude 50° N., longitude 173° 30’ E., with wind WSW., 7; gale ended 
on 3d; highest wind force, 10; shifts, S., WSW. 

Average weather for ben moderate gales from W. and NW.; 
high westerly seas; clear weather; occasion: 

British 8. S. Melville Dollar, Capt. Wm. Wright, Observer W. A. 
Gosse, Vancouyer for Yokohama. Gale began on the 10th, wind SW. 
by W.; lowest barometer, 28.41 inches at 8 p. m. of 9th in latitude 
49° 05’ N., longitude 171° 35’ E., highest force, 10; W. by N.; shifts of 
wind, SW. by W. by N.; end of gale on 12th. 

Dutch 8S. 8. Silvanus, Capt. H. J. van Hal., Nagasaki for Vancouver. 
Gale began on 22d, wind ENE.; lowest barometer, 28.59 inches at 7:45 
p. m. same date in latitude 50° 16’ N., longitude 176° 57’ W,, wind N., 
12; gale ended on 23d, wind WNW. Ver high sea. 

Japanese S. S. Honolulu Maru, Capt. K. Hirano, Observer 8. Fuji- 
kawa, Yokohama for San Francisco. Gale on 8th, wind SE.; 
lowest harometer 28.86 inches at 11 p. m. of 9th in latitude 42° 30’ N,, 
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longitude 157° E., wind WSW. 10; ended on Ith; shifts, SE., SW., 
WSW., W., WNW. 


_ Second gale began on the 17th, wind S.: lowest barometer 29.11 
inches at 8 a. m. of 18th in latitude 46° 06’ N., longitude 161° 20 W., 
on 20th; highest force, 10; shifts, S., SE., E.., 

Japanese 8. 8. Tokushima Maru, Capt. S. Shibutami, Observer Y. 
Hiraiwa, Vancouver for Yokohama. Gale began at 4 a. m. on the 24th; 
lowest barometer, 29.27 inches, occurred at 1 R m. in latitude 46° 
09 N., longitude 149° 30’ W.; highest force, 12, WNW.,; no shifts; gale 
ended same day. Tremendous sea. 


The Tokushima Maru, as well as several of the other 
vessels named, also experienced gales on other days. 

Two typhoons occurred in the Philippine area during 
the month. A description of these will be found in an 


SoRoMPADYINE article by Rev. José Coronas, S. J., of the 


Philippine Weather Bureau. 


TWO TYPHOONS OVER THE PHILIPPINES IN 
NOVEMBER, 1921. 


By José Coronas, 8. J., Chief, Meteorological Division. 
| Weather Bureau, Manila, P. I., November 30, 1921.) 


Two typhoons visited the oer mew during the month 
of November causing considerable damage, particularly 
in the Visayan Islands, the damage being eas rather 
by heavy rains and floods than by the force of the winds, 
as the typhoon centers were not very deep. 

Typhoon of November 10 and 11.—This typhoon ap- 

ared on our weather map of November 7 to the south of 
yuam near 10° latitude N. and 144° or 145° longitude E. 
With observations received from Yap, as compared with 
those received also from Guam, we could locate the center 


at 6 a. m. of the next day, November 8, between 139° 


and 140° longitude E. and in about 12° latitude N., the 
typhoon having moved WNW. since the preceding day. 
From the 8th it moved westward at a rate of progress of 
17 to 18 miles per hour, which is considered extraordi- 
narily high for low latitudes. Yet, when the typhoon 
crossed the island of Samar on the 10th, its velocity was 
of only about 10 miles per hour; then it increased again 
to 15 miles per hour on the 11th, and finally it almost 
stopped moving after the 12th, remaining almost sta- 
tionary for about four days from the 13th until it filled 
up on the 17th in the neighborhood of the Paracels near 
114° longitude E. and 16° latitude N. 

Our weather maps of the 9th showed clearly the ty- 
phoon to the east of Samar. The center reached that 
island near. and to the north of Borongan at 9 a. m. of 
the 10th, and passed practically over Calbayog at 2 
p. m. of the same day, the barometric minimum observed 
there being 742.47 mm. (29.23 inches), gravity correction 
not applied. The position of the center was, therefore. 
at 2 p. m. of the 10th, about 12° latitude N., between 
124° and 125° longitude E; its direction was then due 
west. Toward 10 p. m. an unexpected change in the di- 
rection of the typhoon took place: it began to move NW. 
or NW. by N., and hence the typhoon came to pass to 
the north of Manila at about 2 p. m. of the 11th. Almost 
immediately afterwards it inclined again westward, en- 
tering the China Sea in the evening of the 11th between 
Bolinao and Iba. We give herewith the position of the 
center. on the 11th and 12th. 

November 11, 6 a. m., 13° 15’ latitude N., 122° 15’ longitude E. 
November 11, 2 p. m., 14° 55’ latitude N., 121° 05’ longitude F. 
November 12, 6 a. m., 16° 10% latitude N., 117° 05’ longitude FE. 
November 12, 2 p. m., 16° 10’ latitude N., 116° 20’ longitude FE. 

While the typhoon passed near Manila it was very 
mild, rather a depression, but it seems to have increased 
again in intensity in the China Sea. Many steamers had 
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a very rough passage in coming to or going out from 
Manila. The York Marn was 
south o ongkong. e atest da e seems to 
have been one to the eed in Nagios and Capiz 
Provinces. 

Typhoon of November 24 and 25.—This typhoon was 
shown in our weather maps of November 21st, 2 p. m., 
in about 9° latitude N. and 144° or 145° longitude I. It 
was very similar to the typhoon of the 10th, and the first 

art of the track almost identical to that of the former, 

ut with a rate of progress much more ar and con- 
stant, as it moved for the 2ist to the 26th, inclusive, at 
a rate of about 12 miles per hour. The direction of the 
typhoon was WNW. on the 21st and 22d, but it moved 
almost due W. from the 23d to the 27th. 

The approximate positions of the center for 2 p. m. of 
the 22d to 26th are as follows: 

November 22, 10° 45’ latitude N., 139° 45’ longitude FE. 

November 23, 11° 20’ latitude N., 134° 45’ longitude FE. 

November 24, 11° 45/ latitude N., 129° 55’ longitude FE. 

November 25, 12° 10’ latitude N., 124° 30’ longitude F. 

November 26, 12° 10’ latitude N., 120° longitude E. 

On the 27th, the typhoon being about 200 miles west 
of Mindoro, it began to incline to the N. and then to 
NNE. on the 28th, and it finally filled up on the 29th 
west of Balintang Channel near 20° latitude N. and 118° 
longitude E. 

e most remarkable feature of the typhoon was a 
tremendous wave from the sea that flooded the munici- 
alities of Ibajay and Macato in the Province of Capiz 
in the evening of November 25, when the center of the 
typhoon was passing about 15 or 20 miles to the north. 
Over 100 persons are said to have perished, and great 
losses to crops and properties are reported caused, not 
by the force of the winds, but rather by sea waves or 
heavy rains and floods. The first news to reach our ob- 
servatory was contained in the following telegram re- 
ceived from our observer: “‘Strongest ever observed, 9 
feet deep flood destroyed and washed away observatory 
outdoor instruments; occurred November 25 evening.” 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


British Isles.—The general rainfall for November, ex- 
pressed as a percentage of the average, was: En land 
and Wales, 75; Scotland, 55; Ireland, 106; British Isles, 
75. 

In London, Camden Square, the mean temperature for 
November, was 39.4° F., or 4.0° F. below the aver- 

e. 

Northern Europe-—London, November 7: Many per- 
sons were killed and enormous femaae caused by heavy 
Bales that have been sweeping northern Europe for 30 

ours. * * * There has been heavy loss of shipping 
in British ports and —- and a communica- 
tion is interrupted.— Washington Times, Nov. 7, 1921. 

Brazil.—During November unusual frequency of high 
pressure was associated with cold winds from the south 
over the southern States. Drought affected seriously 
the crops in the center and south, a mad cotton, rice, 
sugar, and maize, and reduced sensibly the estimates of 
the coffee crop for next year.' 

South Afrvea.—Natal, November 20: Great snow- 
storms have occurred here, causing trains to stay at their 
terminals. In some places the snow lay 7 feet deep, and 
cattle and sheep have been frozen to death.—-Binghamton 
Morning Sun, Nov. 22, 1921. 


1 Meteorological Magazine, December, 1921, pp. 333-334. 
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DETAILS OF THE WEATHER IN THE UNITED STATES. 


GENERAL CONDITIONS. 
By Avrrep J, Henry, Meteorologist. 


Monthly mean pressure was higher than normal along 
the northern boundary from North Dakota eastward; it 
was below normal in the North Pacific Coast States, the 
northern Plateau and Rocky Mountain region, and in the 
Ohio Valley. This pressure distribution was reflected in 
the mean temperature of the month and in the distribu- 
tion of precipitation. The temperature along the north- 
ern boundary was lower than normal from the St. Law- 
rence Valley westward to Montana; positive departures 
obtained quite generally south of the fortieth parallel, 
the greatest being the Gulf States. Thus the change from 
almost continuous got temperature departures having 
begun in the North, it may be expected that the change 
will progressively overspread the South. Precipitation 
was in excess of normal in Washington, Oregon, Idaho, 
and Montana in the West and in the Ohio Valley in the 
East; it was also in excess, although to a less extent, in 
the Lake region, the Middle Atlantic, and New England 
States. Deficient precipitation was recorded in the 
lower Mississippi Valley and from the Central Plains 
States westward and southwestward to California. 

The first general storm of the winter type passed from 
the Pacific onto the continent on the 19th. This storm 
was characterized by heavy snow, sleet, and rain in 
North Pacific Coast States, with the usual interruption to 
transportation and traffic in general. The heavy snow- 
fall in Washington and Oregon provided a much-needed 
supply of soil maisture. During the closing days of the 
month a severe snow, sleet, and rainstorm visited New 
England, the details of which appear elsewhere in this 
Review, p. 612. The storm movement of the month as 
a whole was close to that of a normal November. 
Further details follow: 


CYCLONES AND ANTICYCLONES. 
By W. P. Day, Observer. 


Migratory high and low pressure areas showed great 
activity during November and many important ones 
were charted. Energetic storms from the North Pa- 
cific passed inland at lower latitudes than during the 
preceding month and the point of ingress of the Pacific 
HIGHS was also shifted: southWard. (The more important 
nicus were of the Alberta type and nine pulses or in- 
vasions were noted, which is more than the average 
number of all types for this month. The winter Plateau 
HIGHS also began to make their appearance. 

Tables showing the number of uicHs and Lows by 
types follow: 


| North 
'North| South; ern | South | 
| Al- Colo- East To- 
LOWS Pa- | Pa- | Rocky Texas, Al- | } 
iberta.! | cific. Gull. | tontie| tral. | tal. 
| tain. 
6.0! oe) 20) 10) 20) 20) 
Average number, | 
1802-1912, in- | i 
Plateau, 
th Al Roek Hud 
North South | Roeky |Hudsen 
HGS. Pacific. Pacific. ,berta, Moun- Bay. Total. 
{ tain | 
Jo y: | Region. 
number, 1892-1912, in- 
2.0 0.9 4.0 1.1 0.2 8.2 


THE WEATHER ELEMENTS. 
By P. Day, Climatologist and Chief of Division. 
PRESSURE AND WINDS... 


In the United States November as a rule shows only 
a slight increase in the number of cyclones and anti- 
cyclones over those occurring’ in October. During 
November, 1921, however, both these atmospheric dis- 
turbances were greatly augmented over those for October, 
and more than twice the usual number for November 
was observed. However, few of these disturbances 
attained great importance, or maintained their maximum 
intensity over extensive paths. . 
- The most severe storm of the month from the stand- 
point of property loss was that of the 27th to 29th, over 
the Atlantic coast districts. (See page 612 of this Revimw.) 
This storm was attended by widespread precipitation over 
the more eastern districts of the United States, and by 
high winds along the middle Atlantic and southern New 
England coasts. Over northern districts precipitation 
was in the form of snow, but in portions of southern New 


England the temperature was sufficiently low to cause’ 


the rain to freeze as it fell, and all exposed objects were 
covered with ice. The accumulation of this ice was so 
great that overhead wire systems of all were 
practically destroyed, and communication, light, and 
power operations were greatly interrupted. Orchards 
and forests, however, suffered the greatest permanent 
injury, the extent of which is indicated in the following 
extracts from the official report of the Weather Bureau 
observer at Hartford, Conn.: 


It is estimated that more damage was done by this storm than has 
been done by all the storms of the preceding 50 years. At any rate, the 
storm may be favorably compared with the now famous, so-called 
‘‘Portland’’ storm in 1898. Conditions in the sections of the State men- 
tioned were most distressing, because everywhere there were evidences 
of many acres of forest that were ruined, while shade and ornamental 
trees and shrubs, together with apple orchards, are almost totally de- 
stroyed. Stands of oak, maple, and ash have been leveled to. the 
ground, while birches have been bent over and held down so long 
they can not straighten up. A tangle of broken branches covers the 
forest floor, and when it dries it will make a serious fire menace. Nu- 
merous light and power plants and wires were destroyed, resulting in 
dark towns and villages. Telephone and telegraph poles were leveled 
by the hundreds, and thousands of miles of wires were broken and 
tangled. These, however, are relatively easy to replace and repair, 
but the farmers and orchardists received a blow from which it is hard 
to recover. In many cases orchards were just beginning to bring 
profits and are now helpless for a period of at least 15 years. Because 
of the crippled condition. of hig -tension wires, factories were com- 

lled to suspend operations, Public-service corporations in Hartiord 
had practically normal service, but the service rendered by outside 
points was severely hit. It is impossible to estimate the money value 
of the various losses, though it must run into many millions in the 
aggregate. 

The most important anticyclones of the month domi- 
nated the northern and eastern districts from the Rock 
Mountains to the Atlantic coast from the 18th to 23d, 
during which period the lowest temperatures of the month 
generally occurred in the region affected. 

The average pressure for the month was above normal 
along the northern border from the Missouri Valley east- 
ward, in the far Southwest, and over the Canadian Prov- 
inces as far north as indicated by observations. Pres- 
sure was below normal over most central and southern 
districts from the Great Plains eastward and in the Rocky 


Mountains and far northwestern districts. 


The general trend of the winds was from northerly 


points over the Missouri and upper Mississippi Valleys, 
the Great Lakes region, Atlantic coast, and east Guif 
sections. They were mainly from the south in the lower 
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Mississippi Valley and southern Great, Plains, and variable 
in other portions of the country. 

The highest winds of the month were observed alon 
the north Atlantic coast on the 29th, in connection wit 
the severe cyclone passing off the southern New England 
coast on that date. Other high winds were confined 
usually to small areas. 


TEMPERATURE, 


The month was mainly free from unusual cold or 
warmth, though the maximum temperatures at a few 
points were the highest of record for the month, and 
minimum temperatures were quite low in the far West on 
the 18th and 19th. 

The principal cold period of the month began on the 
18th, when high pressure from the Canadian northwest 
moved into the Missouri Valley, and low temperatures 
prevailed for several days over central and northern dis- 
tricts from the Rocky Mountains eastward. 

The first week of the month was decidedly warm over 
all districts from the Great Plains westward to the Pacific 
coast, and moderately warm over the Mississippi Valley, 
Gulf States, and along the south Atlantic coast. It was 
mainly cool in the Lake region, Ohio Valley, and North 
Atlantic States. The second week continued warm in the 
far West, and over considerable areas in the South, but it 
was decidedly cool over practically all central and northern 
districts from the Rocky Mountains eastward. The third 
week was decidedly cold over the northern border States 
from the upper Lakes westward to Washington and Ore- 

on, and it was mainly cooler than normal over much of 

e remaining Mountain, Plateau, and Pacific coast areas. 
From the southern plains eastward and northeastward to 
the Atlantic coast this week was mostly warm. 

The final week of the month was warmer than normal 
over practically all central and southern districts east of 
the Rocky Mountains, and over all districts to the west- 
ward jam the northern border from Montana east- 
ward this week was distinctly cooler than normal. 

The principal warm periods were during the first six 
days over the western half of the country, the tempera- 
ture on the 3d being unusually high in portions of the 
Plateau region. Over the eastern half of the country 
the period from the 17th to 19th was the warmest, on 
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NovemBrr, 1921 
PRECIPITATION. 


At the opening of the month a well-defined storm was 
central over Tennessee, whence it moved east-northeast- 
ward to the vicinity of Newfoundland by the 3d, causing 
moderate precipitation in eastern districts, especially the 
lower Lake region and the central and northern portions 
of New York and New England. About three days later 
some additional precipitation occurred in the Northeast 
in connection with a storm that followed closely the 
northern border. In the Pacific Northwest considerable 
precipitation occurred about the 6th and again about 
the 13th. 

Two well-marked storms moved eastward in central 
latitudes, one in the latter part of the first decade, and 
the other early in the second decade, causing light to 
moderate precipitation, fairly well distributed, in the 
regions east of the Mississippi River, with considerable 
snow in Michigan. Then ms the 13th to 15th a large 
area of low pressure, that had no well-marked si = 
center till it reached the Atlantic States, again broug t 
rain over most sections east of the Mississippi River, with 
unusually heavy falls locally near the East Gulf coast. 

On the morning of the 16th a vigorous storm center was 
over Kansas, whence it moved slowly northeastward to 
southern Ontario by the 19th. Decidedly heavy rains 
occurred in connection with this storm over Arkansas 
and a strip extending thence northeastward to southern 
Michigan and western Ohio. Cairo, IIl., recorded over 
6 inches within 72 hours. 

About this time and continuing well into the third 
decade there was widespread precipitation in far north- 
western districts from northern Wyoming and central 
Montana westward, northern California receiving some. 
Wyoming, Idaho, and Montana had considerable snow 
and some eastern parts of Washington and Oregon had 
unusual amounts for the region. 

Light to moderate precipitation occurred in. many 
northeastern districts during the early and middle parts 
of the final decade. On the 27th an energetic storm was 
central over the Ohio Valley, whence it moved eastward 
causing fairly well-distributed precipitation in States 
east of the Mississippi River, with heavy snows in 
northern New En land and a very severe sleet and ice 
storm in southern New England. e Pacific States had 
much precipitation during the final week, especially the 


a q which dates maximum temperatures at afew points were western counties of Washington. 
as high as or higher than had previously been observed The month as a whole had generally ample precipitation 
so late in the month. in regions east of the Mississippi River, the majority of 
The coldest weather was confined mostly to two tates having more than the normal November amounts. 
"% poise Over the districts including the middle and ‘There was likewise more than the usual November fall 
: ower Mississippi Valley and thence eastward, the lowest jn the States from North Dakota and Wyoming west- 
= temperatures occurred very generally from the 11th to ward. Precipitation was light and generally deficient 
~e 13th, while over all far western districts, the Missouri jn the upper Mississippi Valley, the Great Plains region, 
of and upper re Valleys, and upper Lakes region and the Southwest. Over large areas in the southern 


they were observed from the 18th to 20th. The lowest 
temperature recorded during the month, —42°, occurred 
in Montana, and zero temperatures or lower were re- 

rted from all the States along the northern border, and 
in most of the western mountain districts. 

November, 1921, brought to a close an unusually long 
period with average monthly temperatures above the 
normal over portions of the upper Mississippi Valley and 
Great Lakes region, where this condition as existed for 
many months. In other portions of this region the 
means were again above normal, making the fifteenth 
consecutive month with average temperatures above the 
normal, and the longest such period in the history of the 

ureau. 


Plains there was practically no precipitation during the 
entire month et drought conditions were becoming 
serious. 

SNOWFALL. 


The total fall of snow during November was usually 
above the normal along the northern border States, 
peehoueny in northern New England, portions of the 

reat Lakes region, and generally over the far north- 
western States. On the other hand, there was little 
snow from the Middle Atlantic States westward over 
the great central valleys, and the higher elevations of 
California, Arizona, Nevada, and New Mexico had 
amounts far less than the average November amounts. 
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November, 1921. 

heavy snow for November occurred on the 
8th and Oth in portions of central-southern Michigan, 
where in the area of heaviest fall amounts up to nearly 
20 inches were measured, the greatest depths ever 
reported im that section so early in the month. Also 
about the 18th to 20th unusually heavy snow occurred 
over portions: of northern Oregon east of the Cascade 
Mountains and the adjacent sections of Washington and 
Idaho, the falls in some cases being the greatest of 
record for November, and nearly equaling the average 
annual fall. | 
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RELATIVE HUMIDITY. 


The relative amount of ‘moisture in the atmosphere 
was above the normal over the greater part of thie 
country from the Missouri and Mississippi Valleys east- 
ward, the excess being large in portions of the Appala- 
chian Mountains and the adjoining districts where there 
was much cloudy, rainy weather. From Texas and the 

, Middle Plains westward to the Pacific the relative 
humidity was usually much below normal. 


local storwe. 


[The table herewith contains such data as have been received concerning seVere local storms that occurred during the month. A more complete statement wil) appear in the Anna) 
Report of the Chief of Bureau.) 
Width ot| 1088 Character of 
of prop- ro 
Place, Date. Time. path. des Remarks, Authority. 
* | stroyed. 
Yards, 
Northern Ohio. | Gale and rain... .. Wires and trees down, cellars flooded, andtrans- | Plain Dealer (Cleveland, 
| interrupted; velocity of | Ohio), 
n m 
New Orleans, La...........-. yaw Wind and thun- | Some to roofs and buildings; electric | New Orleans item (New 
ei | | der. and telephone pretems out of commission in| Orleans, La.). 
various parts of the city; 2 injured. 
| ' weighing 1 pound fell. ery, Ala.). 
Arkansas (Polk, Clark and 17 bul B | Seman and live stock killed, | United States Weather Bu- 
Gar! Counties), wire communication interrupted and much! reau official. Commercia) 
| timber destro’ hjured; damage Appeal (Memphis, Tenn.). 
| estimated at thousands of dollars. é 
Rockport, Ind. (near)........ 18; P.m..... 30 barns and 3 houses destroyed; damage esti- | Evansville Courier (Lyans- 
mated at from $100,000 to $150,000. ville 
Marshall, Tex. (few miles | Tornado........... Some property damage... Official United States Wea- 
N. E. of). ther Bureau. 
vicinit | 27, 28, | Telephcne ana De 
ang by shade and trees destroyed or 


!One hundred yards to one-half mile. 
STORMS AND WEATHER WARNINGS. 
Evwarp H. Bowie, Supervising Forecaster. 
WASHINGTON FORECAST DISTRICT. 


The month was a notable one for the number of areas 
of high and of low pressure to cross the Washington fore- 
cast district. For the country at large, 25 separate and 
distinct areas of low barometer appeared during the 
month, while as to areas of high barometer there were 14. 
Many of the rows had their origin in and were offshoots 
from the subpermanent Low of the North Pacific, and 
have been classed as Lows of either the Alberta or North 
Pacific type, from which there developed a considerable 
number of secondaries. There was but one Low of tropi- 
cal origin, and it was only of moderate intensity. It had 
its origin over the ocean somewhere east of the Bahamas 
and it disappeared over the southeastern portion of the 
Gulf of Mexico. The nicus of the month did not bring 
unseasonable cold weather to the Washington forecast 
district, and the cold waves which occurred were confined 
to the northern border states. , 

A storm of considerable intensity was central the morn; 
ed the first day of the month over the central Ohio 
Valley, with the lowest. barometer at its center 29.46 
inches; moving eastward this disturbance passed off the 
middle Atlantic coast during the night of the Ist and 
thence followed a path east-northeastward toward the 
Grand Banks of Newfoundland. This disturbance was 
attended by strong northeast winds and gales on the 
lower Lakes and the North Atlantic coast, warnings of 
which were disseminated. On the 3d a disturbance made 
its appearance over the western Canadian provinces, ad- 


greatly d ; damage to orchards is esti- 
mated at well over $1,000,000, 


vanced rapidly eastward along the northern border and 
reached the New England States on the 5th: On the 
4th when this disturbance was crossing the Great Lakes, 
southwest storm warnings were displayed on Lakes Erie, 
Ontario, and southern Huron; the evening of the same 
day northwest storm warnings were displayed on the 
Atlantic coast at and north of Delaware Breakwater. 
This disturbance was attended by shifting gales in the 
regions where storm warnings were disp wed, and it 
gained great intensity while moving from New England 
to Newfoundland. ‘The highest velocity reported dur- 
ing the prevalence of this storm was 66 m. p. h. from the 
northwest on the 5th at New York City. 

At 6 p. m. of the 7th, the following advisory informa- 
tion was sent to ports on the Great Lakes: 

Western disturbance central at 4 p. m. over western Kansas will 
move eastward and probably gain in intensity, attended by fresh 
easterly winds becoming strong by Tuesday morning with rain and 
snow. Caution advised. Later information will be sent you to-night 
if any change indicated, 

The 8 p. m. reports showed this storm to have moved 
to eastern Kansas; and as the pressure gradient was con- 
siderable in its northeast quadrant, northeast storm warn- 
ings were ordered displayed on southern Lake Michigan, 
and on the morning of the 8th the display, of northeast 
storm warnings was extended to Lakes Erie, Ontario 
and extreme southern Huron. The storm center passed 
south of the Great Lakes during the 8th, attended by 
winds of gale force at a number of Weather Bureau sta- 
tions in the area where warnings were displayed. On 
the morning of the 9th its center was over Kentucky, 
and at the same time there were indications of the de- 
velopment of a secondary disturbance off the North Caro- 
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lina coast. In expectation that the disturbance off the 
Carolina coast would develop very quickly and move 
northeastward, storm warnings were displayed at 9:30 
a. m. of the 9th on the Atlantic coast at and north of 
Delaware Breakwater. The disturbance acted as ex- 
pected, and strong winds and gales prevailed along and 
off the North Atlantic coast the night of the 9th and dur- 
ing the 10th. 

orthwest storm warni 
Michigan, Superior, and Huron and southwest storm 
warnings on Lakes Erie and Ontario at 10 p. m. of the 
i8th, when a disturbance was central over the middle 
Mississippi Valley and moving northeastward, with every 
indication that it would increase greatly in intensity. 
This disturbance passed rapidly eastward across the Great 
Lakes as expected, and strong winds and gales occurred 
as forecast. Northwest storm warnings were also dis- 


played at 2 p. m. of the 24th on the Atlantic coast at 


and north of Delaware Breakwater, when a disturbance 
was central over western New York. This disturbance 
moved rapidly eastward, and the morning of the 25th 
its center was over Newfoundland. The highest wind 
velocity attending this storm was 60 m. p. h. from the 
west during the night of the 24th at New York City. 
The evening of the 27th, when a disturbance was 
central over South Carolina, in expectation that it 
would gain greatly in intensity and move northeast- 


- ward, northeast storm warnings were displayed on the 


Atlantic coast at and north of Delaware Breakwater 
and on Lakes Erie and Ontario. This storm moved 
northeastward as forecast, gained great intensity, and 
24 hours later its center was off the middle Atlantic 


- coast. Thence it moved north-northeastward and at 


8 p. m. of the 29th its center was off Cape Cod. The 
center of this disturbance passed near Sable Island dur- 
ing the night of the 29th, and the morning of the 30th 
it was in the vicinity of St. Johns, Newfoundland, where 
the barometer fell to 28.98 inches. This storm was the 
severest of the month in the Washington forecast dis- 
trict, causing gales and high tides on the middle Atlantic 
and New England coasts and attended by general and 
heavy rain, sleet, and snow in the New England and 
Middle Atlantic States. The rain, which fell with the 
temperature below the freezing point, caused dam 
estimated beyond $1,000,000 to “mw eee and telephone 
lines in New England, and the weight of the ice damaged 
and destroyed many trees in the cities and forests, the 
value of which cannotbestated. (See p.612 this Review.) 

The winds along the New England coast were from the 
northeast and of gale foree during the 28th and 29th, the 
highest velocities mpneen being 76m. p. h. at Nantucket 
and 72 m. p. h. at Block ney 

In addition to the warnings for the more important 
storms hereinbefore enumerated, warnings were issued 
for disturbances of moderate intensity on other dates. 
No general cold waves occurred during the month. 
Frost warnings were issued for Southern and Central 
States as occasion required.— Edward H. Bowie. 


CHICAGO FORECAST DISTRICT. 


The special features of the weather in the Chicago 
district during the month of November were the con- 
tinuation of the drought in the Southwest for the entire 
aces and the abnormally low temperatures in the 
Northwest during the second and third weeks. The 
precipitation was in excess only:in the extreme eastern 

rtion of the district; and while the dryness in the 
Southwest was of greatest. concern because of lack of 
moisture for the winter wheat, there was little precipita- 


were displayed on Lakes , 
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tion in the Northwest also, except during the third week 
in the northern Roeky Mountain region, when heavy 
snow prevailed. 

Conditions during the first week were generally rather 
mild, although frosts occurred on the morning of the 
2d from the middle Mississippi Valley eastward, as well 
as in southern Missouri; and they were reported again 
on the 3d in the latter section and also in extreme 
southern Illinois. Because of the mildness of the previ- 
ous season, frost warnings seemed necessary and they 
were issued for the area affected in due time. 

On the morning of the 7th, a cold, high area which 
had moved southward from Alaska appeared in the 
Canadian northwest, and for two weeks. following, with 
only slight interruptions, high pressures dominated the 
weather conditions over the trans-upper Mississippi 
region, the cold reaching its greatest intensity in Mon- 
tana on the 19th, where minima were registered ranging 
from ---8° to 26°; and on the 20th the temperature 
fell to zero in northern Nebraska and central Wisconsin. 

Warnings were sent in advance to all interests affected, 
and railroads and shippers of perishakle goods were espe- 
cially cautioned to protect all goods subject to damage. 
These advices seemed especially necessary because of the 
unusually early occurrence of winter conditions in the 
Northwest. e cold, however, in its movement south- 
eastward moderated rapidly, so that no abnormally low 
temperatures were registered in the southeastern portion 
of the forecast district. Warnings to live-stock interests 
were also disseminated during and previous to the period 
of severe cold. 

Because of the threatened railroad strike and the ap- 
proach of winter, the fruit interests in the States of Wash- 
ington and Oregon during the month of October indicated 
to the Weather Bureau that advices one or two weeks in 
advance would be to them of the greatest importance, as 
they wished to hurry their shipments of fruit, especially 
apples, across the Northwestern States to the main dis- 
tributing pojnts, such as Chicago, St. Louis, and Kansas 
City. It was. of greatest importance to them to make 
these shipments in ordinary cars at their own risk so lo 
as the mild weather might continue, as a large athiowat of 
money would otherwise have to be spent in protection of 
their shipments. Under the regulations of the various 
railroads in the Northwest the shipper of fruit is required 
to declare at the time he bills his cars whether it shall be 
shipped at his own risk or at the carrier’s risk, and in the 
latter case an additional charge is made where the carrier 
assumes the risk of freezing m transit, and in the event 
extreme weather is encountered the carriers oftentimes 
equip the cars with oil heaters, and as a result the fruit is 
sometimes damaged from being overheated. 

Under date a November 26, 1921, the Wenatchee 
Northern Warehouse & Marketing Co.. of Wenatchee, 
Wash., writes as follows: 

The information which you so kindly gave us enabled us to reach a 
much safer conclusion at the time of shipment whether or not it were 
possible to avoid the extra expense of paying for the carrier’s risk, and 
the still greater risk of shipping during extreme weather and having the 
fruit damaged from overheat. You can see, naturally, that the day-to- 


day reports received from the Weather Bureau are not of the same 
advantage in this connection, but a prognostication for two weeks in 


advance oe us a good idea of the conditions which may be encountered 


by cars shipped from day to day in their movement from here to the 
eastern markets, In fact, we wish that this service might be estab- 
lished definitely. We appreciate very much your interest in this mat- 
ter and the manner in which your advices were given us. 

The Great Falls Tribune, Great Falls, Mont., on Novem- 
ber 16 includes the following statement: | 


According to Great Northern officials warnings of snow and cold wav 
are received from the Government meteorological bureau in Chicago 
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from 36 to 48 hours in advance and are ordinarily authentic: Two 
advices regarding the ap h of cold and snow have been received 

jor to the one received Tuesday. The last one was received last 
Thursday and the first about a week before. 

The warning is issued in the interest of suppers and employees of 
the road, it was stated, and consequent upon the receipt of such warn- 
ings extraordinary precautions are taken imthe shipping of perishable 
goods. 


Ff, Co... 
NEW ORLEANS FORECAST DISTRICT. 


Small-craft warnings were displayed on the Texas 
coast on the 17th and on the east coast of Texas on the 
9th and were justified. 

On the morning of the 18th a trough of low pressure 
extended from the Lake region to Mexico, with an 
important center of disturbance over the Rio’ Grande. 
It was evident from the distribution of pressure that the 
disturbance would move rapidly and southeast storm 
warnings for strong southerly winds, shifting to northerly 
at night, were issued for the Texas coast. Winds oc- 
curred as forecast, changing to north and northwest 
gales at about midnight of the 18th—19th. 

A warning of moderate northerly gales at Tampico 
and Progreso during the following 24 hours was issued 
on the morning of the 19th. 

Warnings were issued 36 hours in advance of a moder- 
ate cold wave which overspread the extreme northwestern 
portion of the district on the 9th and the remainder of 
the northwestern portion on the 10th. ' 

On the morning of the 18th, with a disturbance over 
the Rio Grande and a considerable area of high pressure 
to the northward, cold-wave warnings were issued for 
the entire district except southern Louisiana and warn- 
ings for live-stock interests were sent to interior sections. 

e cold wave did not reach the coast and proved to be 
of moderate character for the most part, although 
temperatures of 16° to 30° were recorded in the north- 
western portion of the district. 

On the 21st, after the receipt of midday special obser- 
vations, cold-wave warnings were issued for Oklahoma 
northwestern Arkansas, and the northern portion of 
west Texas and were extended the following afternoon 
to include the northwestern portion of east Texas as far 
east as Dallas. A cold wave occurred in the Texas 
Panhandle and northern and western Oklahoma but did 
not extend farther, owing to the influence of a barometric 
depression on the western slope of the Rocky Mountains 
and the eastward drift of the area of high pressure. 
It is interesting to note in this connection that while the 
influence of the western depression extended east. of. the 
Continental Divide so as to prevent the temperature at 
Denver, Colo., from going below freezing, 2 minimum 
temperature of 22° was recorded at Amarillo, Tex., and 
28° at Oklahoma City, Okla. 

Frost warnings and freezing-temperature forecasts 
were issued for portions of the district on the Ist, 2d, 
7th, 8th, 9th, 10th, 11th, 19th, and 20th. Nearly all of 
these warnings were verified.—R. A. Dyke. 7 


DENVER FORECAST DISTRICT. 


An area of low pressure which moved from the north 
Pacific coast southeastward, .across Montana, Wyoming, 
and eastern Colorado, on the 6th and 7th, was followed 
by a sharp fall in temperature in eastern Colorado, 
attended by snow flurries, during the 8th. Generally 
fair weather, however, without important temperature 
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changes, ailed..during the first half of the month, 
with mostly high ressures over. that portion of the dis- 
trict west of the Continental Divide, such Lows as ap- 
peared passing to the northward and eastward. 

Another tow moved southward from British Columbia 
from the 14th to the 16th, with its center on the morning 
of the latter date over western Colorado, while the crest 
of a nicH of considerable development was over Alberta. 
Snow was forecast for Colorado, Utah, northern New 
Mexico, and, northeastern Arizona, with a cold wave in 
northern and eastern. Colorado, northern. New Mexico, 
northeastern Arizona, and southern and eastern Utah, 
and stockmen’s warnings were distributed in. northern and 
eastern Colorado. Snow occurred in all of the region 
indicated, with moderately heavy falls along the eastern 
slope in Colorado. Owing to a division of the storm and 
the slow eastward movement of the center which remained 
west of the Divide, the time of occurrence of the lowest 
temperatures. was delayed 12 to 24 hours. Otherwise, 
the cold-wave warning was verified except in eastern 
Colorado. Warning of a moderate cold, wave in south- 
eastern New Mexico was issued on the 18th and was 
fully verified by the morning of the 19th. 

_ From the 18th to the 23d,.low pressures prevailed 
from the north Pacific coast southeastward to eastern 
Colorado, without any attendant precipitation in this 
district. except in northwestern Colorado on the 19th and 
23d and occasionally in northern Utah. A cold-wave 
warning issued on the evening of, the 20th for north- 
central Colorado failed of ts because that por- 
tion of the extensive Low, already referred to, which was 
over southern Wyoming remained almost stationary... A 
moderate cold-wave forecast on the morning of the 23d 
for southwestern Utah was fully verified during the 
following 24 hours. 

A disturbance of moderate intensity which began, to 
appear in Arizona on the 24th extended northeastward 
to South Dakota on the 25th, causing rain or snow in 
northern Arizona, southern Utah, and western Colorado. 
Occasional night precipitation in central Arizona on the 
28th and 29th and in southern New Mexico on the 29th 
and 30th attended a moderate disturbance which was 
first noted over Nevada on the morning of the 27th and 
which had moved to eastern New Mexico by the morning 
of the 30th. 

A cold wave for which warnings had noi been issued 
occurred at Durango on the 18th. 

Forecasts of freezing temperature were issued for 
eastern Colorado on the lst and 2d which were verified 
except in the east-central portion of the State on the 3d. 
The season was so far advanced that warnings of ordinary 
freezing weather were not considered necessary after the 
last-named date, except in southern and western Arizona. 

Frost warnings were issued for western and southern 
Arizona on the 16th, 18th, 19th, 20th, and 21st, and for 
southern Arizona on the 22d, the warning of the 18th 
containing a forecast of freezing temperature in .the 
northwestern and near freezing in the south-central and 
southeastern portions of that State. These were 
verified by the occurrence of frosts or temperatures at 
which frosts might be expected except in southern 
Arizona on the 17th and extreme southwestern Arizona 
on the 21st. 

The first damaging frost occurred in the southern 
pastien of Arizona on the 19th; when the temperature 
ell to 30° at. Phoenix and to 36° at Yuma. Light frosts, 
without warnings, occurred at Phoenix on the Sth and 
11th, when the minimum temperature was 43° and 41°, 
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respectively, and a heavy frost was reported on the 18th, 
when a minimum temperature of 36° was reached at the 
same station.—J. M. Sherier. 


SAN FRANCISCO FORECAST DISTRICT. 


Two very distinct pressure types were alternately in 
control of weather conditions in the Pacific States during 
November—high pressure over the western part of the 
United States was dominant during the forepart of the 
month and low pressure during the latter part. 

Except for a disturbance for which southwest storm 
warnings were displayed in Oregon and Washington on 
the 4th, the weather was settled and rainless in most sec- 
tions, with a hot spell in California until the 14th. On 
that date a disturbance entered the north coast and 
moved southeastward over the plateau. Its passage was 
followed by a series of heavy frosts in California ex- 
tending from the 16th to the 20th. All of the severer 
ones were covered by warnings. The freezing temper- 
atures did not reach southern California until the 18th, 
a day later than was expected, due to the sluggish east- 
ward movement of the tow then centered in Arizona, 
and one unverified warning of light frost was issued 
as a résult. 

Coincident with the passage of this storm was the 
southward advance of the Alaska HrcH. Colder weather 
im connection with this movement was foreseen in the 
northwest, and special warning was sent on the 17th to 
fruit storage and shipping interests in northeastern 
Washington of an expected period, with temperatures 
considerably below freezing. This warning was fully 
justified by the event. 

From the 19th until the close of the month the weather 
in this district was dominated by the North Pacific low- 

ressure system which shifted southeastward so as to 
impinge on the Pacific coast. So plain was the evidence 
of a change in weather type that advice was issued sev- 
eral days in advance to forestry parties in the high 
Sierra of impending snowfall that would impede their 
withdrawal from the mountains. 

Southeast storm warnings were put up at Oregon and 
Washington seaports on the 19th and displayed thereafter 
with but few interruptions until the 30th. Occasionally 
they were altered in direction, and on two occasions they 
were extended to include the California coast as far south 
as Mendocino. There was one marine casualty of note 
during this time. The tug Sea Eagle, which left San 
Francisco for Coos Bay on the 16th, never arrived at 
that port. All that is known regarding her loss is de- 
duced from some of her wreckage washed ashore on 
the Oregon coast a few miles south of the Columbia River 
on the 24th. 

Forecast problems this month clearly illustrated the 
value of timely vessel weather reports. Several failures 
to accurately predict the weather in this district may be 
attributed to the nonreceipt of such reports. Two ill- 
advised frost warnings for northern California, those of 
November 23 and 28, may be explained thus: In the case 
of the first one it was seen a few hours after the forecast 
had been made that conditions presaged rain rather than 
frost, the S. S. Eldridge reporting from a position off the 
southern Oregon coast facts which contained the infor- 
mation requisite for an intelligent prediction. On the 
other hand, a number of forecasts for California, Oregon, 
and Washington were influenced in the right direction 
through the aid derived from a knowledge of conditions 
over Wis adjacent ocean.— Thomas R. Reed. 


November, 1921 
MEAN LAKE LEVELS DURING NOVEMBER, 1921. 
By Unrrep Srates Lake Survey. 
{Detroit, Mich., December 3, 1921.} 


The following data are reported in the “Notice to 
Mariners”’ of the above date: 


Lakes.! 
Data. { 
Mic’ 
| Superior. a Erie. | Ontario. 
Huron. 

Mean level during November, 1921: Feet. Feet. Feet. Feet. 
Above mean sea level at New York...... | 602.20) 579.64 571.80 244, 85 
Above or below— 

Mean stage of October, 1921.......... | +001) 
Mean stage of November, 1920. ...... —0. 28 66 —0. 15 —0. 38 
Average stage for November, last 10 
hest recorded November stage.... —1.31| —2 
Lowest recorded November stage.... +070, +0.46' +1.10 +144 

Average relation of the November level to— | j 
December . +0.10} 40,16 +0.10 


1 Lake St. Clair’s level: In November, 574.55 feet. 


RIVERS AND FLOODS. 


By H. C. Fran KENFIELD. 


Atlantic drainage.—-The heavy rains from November 26 
to 29 caused decided rise in the rivers of New York and 
Pennsylvania, although flood stages were not reached in 
the Hudson River system. Flood stages were also ap- 
proached or slightly exceeded in the North Branch of 
the Susquehanna and its tributaries, but the total dam- 
age reported was only about $8,000. 

Over the South Atlantic drainage area there were no 
floods except a very moderate one in the Santee River 
during the early days of the month, due to heavy rains 
on October 30 and 31. There was no damage. A flood 
warning on November 28 for the Santee River was not 
quite justified, probably owing to the dry period that 
preceded the rainfall. 

Mississippi drainage, Ohio branch.—Moderate rains 
that fell on a previously dry soil from November 24 to 
29, inclusive, caused a rapid rise in the upper Ohio River 
and its tributaries, and flood stages prevailed along the 
river almost as far as Parkersburg, and also in the vicinity 
of Point Pleasant, W. Va. Warnings were first issued 
on November 28, and the crest stages reached did not 
differ materially from the forecast stages. 

The crest stage at Pittsburgh was 25.4 feet, 3.2 feet 
above the flood stage, at 2 p. m. November 29; at Mari- 
etta, Ohio, 34 feet, or 1 foot above the flood stage, at 10 
P- m. November 30; at Parkersburg, W. Va., 35.9 feet, 0.1 
oot below the flood stage, at 1 a. m. December 1; and 
43.5 feet, or 3.5 feet above the flood stage, from 2 p. m. 
November 30 to 6 a. m. December 1. The ‘flood stage 
at Point Pleasant was due to the run-off from the Great 
Kanawha River and had little or no effect on the Ohio 
River below. 

The Monongahela, Kiskiminetas, lower Allegheny, 
Little Kanawha, and lower Licking Rivers also experi- 
enced flood stages. 

The total of losses and damage reported in the Pitts- 
burgh district amounted to about $25,000 and in the 
Parkersburg district to about $10,000. 

Heavy rains from November 16 to 18, inclusive, aver- 
aging from 3 to more than 6 inches over portions of 
Indiana, Kentucky, and Illinois, caused unusually rapid 
rise in the Wabash and White Rivers. Warnings for the 
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White River were first issued on November 18 and fre- crest sti were from 1 to 9.5 feet above the flood 


quently thereafter. 


Although flood stages were general over the lower 


watersheds, the only losses of consequence were of corn 
in the fields, the value of which was probably about 
$20,000. The warnings were of great value to those 
having portable property in the lowlands. pei: ee 
- Frequent warnings were also issued, beginning with 
November 18, for the Wabash River. The crest stage at 
Lafayette, Ind., was 20 feet, or 9 feet above flood stage, 
on Noveitibet 21; at Terre Haute, Ind., 18.9 feet, or 2.9 
feet above flood stage,on November 24 and 25; at Vin- 
cennes, Ind., 16.9 feet, or 2.9 feet above flood stage, on 
November 28; and at Mount Carmel, Ill., 21.8 feet, 6.8 
feet above flood stage, on November 29. 

The losses and damage reported amounted to about 
$165,000, mostly in unhusked corn, while the estimated 
property saved through the Weather Bureau warnings 
s about $150,000. sa 

While flood stages were not reached in the Green and 
Big Barren Rivers, and in the Evansville district of the 
Ohio River, yet it was thought advisable by the official 
in charge of the district to issue flood warnings on 
November 19 in order that farmers might be enabled to 
save the larger quantities of corn in the lower bottoms, 
and this was done. 

Later in the month another protracted rain period 
necessitated additional warnings for the Ohio and Green 
Rivers, beginning with November 27, and ending with 
December 5. The rise from the upper Ohio River reached 
the Evansville district about the end of the month, and 
materially increased the Ohio River stages. The crest at 
Evansville was 39.58 feet, at 1 p. m. December 6; forecast 
stage near 40 feet; at Henderson, Ky., 37.5 feet, at 7 
a. m. December 7; forecast stage near 38 feet, and at 
Mount Vernon, Ind., 38.8 feet, at 4 p. m. December 7; 
forecast stage, near 39 feet. The Green River was 
in flood, and did not fall below the flood stage at Lock 
No. 2, Rumsey, Ky., until 2 p. m., December 8. 

While much inconvenience resulted, there were no 
losses of consequence, as the corn had been gathered 
upon advices issued during the previous rise. 

Mississippi system.—The heavy rains of November 18 
and 19 also caused a rather rapid rise in the Illinois 
River, the Missouri River below Jefferson City, Mo., the 
Meramec River, and the Mississippi River between 
Grafton, Ill., and Cape Girardeau, Mo. However, flood 
stages were not reached, except in the Illinois and Mera- 
mec Rivers. 

Warnings for the Illinois River were first issued on 
November 20. The Illinois River floods are very slow, 
and the river was still in flood at the close of the month, 
with another rise in prospect. The warnings were sufli- 
ciently timely to prevent inconvenience or loss. 

Warnings for the Meramec River were issued on No- 
vember 19, and were fully verified. There was some 
inconvenience but no losses of consequence. 

Lake Erie drainage.—There was a moderate flood in 
the Maumee River at Fort Wayne, Ind., on November 
21, due to the general rains from November 16 to 19, 
inclusive, combined with a moist soil resulting from 
melting snow previous to November 15. From Novem- 
ber 16 to November 21, the river at Fort Wayne rose 
from 4.5 to 16.1 feet (flood stage 15 feet), and warnings 
were issued on November 19, when the river stood at 
12.7 feet. Lowlands were inundated, but there was no 
other damage. 

There were no other floods except in the Willamette 
system. These latter were caused by a rainfall of from 
4 to 7.5 inches between November 19 and 21, and the 
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stages, the greatest excess occ in the Santiam 
River at Jefferson, Oreg. On November 30 flood stages 
were again reached in the Santiam River and in, the 
Willamette at Hugene, Warnings were issued on 
November 21.. Considerable damage was done to 
bridges, buildings, and fences near Jefferson, Oreg., but 
ho serious damage at other points, The warnings we 
sufficiently in advance to admit of the removal of portable 
to places of safety. 
ovember 1, 1921, the supervision of the river 
district of the Red River of the North was transferred 
from the Weather Bureau office at Devils Lake, N. 
Dak., to the office at Moorhead, Minn., its original 


location. 
' Flood stages during November, 1921. 
Above flood Crest 
River and station. 
|From—| To— | Stage. | Date,. 
ATLANTIC DRAINAGE. 
Moha Feet. Feet. 
Tri N ay 16 28 29; 188 23 
Susquehanna: 
Binghamton, N. 14 29 183 
Wilkes-Barre, Pay... 22.4 2 
Unadilla: 
{New TROLL UC ‘8 28 28 &0 23 
Santee: 
GREAT LAKES DRAINAGE, 
Maumee: 
Work 15 20 22 16.1 21 
deal MISSISSIPPI DRAINAGE. 
BG, 4+ 22 29 29 25. 4 29 
Davis Island Dam, Pa. ..............--- 25 29 29 25.3 29 
30 29 * 34.2 29 
Point Pleasant, W. Va.............----- 40 30 * 43.5 30 
Evansville, ind 35 30; (*) 35.1 30 
eny: 
Conemaugh- Kiskiminitas: 
Creek: 
Monongahela: 
Leak W. WG. . 22 28 29| 23.8] 23-29 
30 29 29 32.0 29 
Little Kanawah: 
20 29 29| 20.3 29 
ing: 
reen,: 
wee 4 33 29 (* 38.1 30 
16 20 28 18.9 25 
as 
18 24) (*) 21.5 28 
inois: 
14 21 15.5 24 
16 27 28 16.1 28 
12 27 (*) 12.8 30 
Meramec: 
ll 21 13.4 21 
Bourbeuse-: 
10 21 21 10.9 21 
Patit Jean: 
PACIFIC DRAINAGE. 
Willamette: 
20 22 24 24.5 22 
PURGING, 15 23 25 17.0 23 
McKenzie: 
Hendricks Bridge, Oreg................- 14 21 21 15.0 21 
— 10 21 23 | 19.5 21 
5000 { 10 30] (*) 13.0 30 
Yamhill: 
McMinnville, Oreg...............---000 35 22 23 39. 4 22 
Clackamas: 
* Continued into December. 
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EFFECT OF WEATHER ON CROPS AND FARMING OPERATIONS, NOVEMBER, 1921. 
By J. Warren Swiru, Meteorologist. 


The first week in November was abnormally warm in 
all sections of the country except in the Eastern States, 
and very little precipitation occurred in any section. 
The second week was unseasonably cold from the upper 
Mississippi Valley eastward, and thereafter temperatures 
were above normal in most districts. The weather was 
favorable for outdoor work, except for considerable 
interruption in northern districts auring the middle por- 
tion of the month by cold and snow, and the soil was too 
dry for plowing and seeding from the lower Great Plains 
southward. Cotton picking and ginning continued to make 
satisfactory progress under favorable weather conditions. 

Winter grains were favorably affected by the weather 
from the issippi Valley eastward and they continued 
Soil mois- 
ture was greatly improved after the first week in the 
month from Tennessee southward and in the Southeast, 
which facilitated seeding winter cereals and germination 
of grain. The drought was intensified, however, by lack 
of rainfall from the lower Great Plains southward and 
southwestward, and there was a steady deterioration of 
winter grains in that section. Unusually heavy snow 
fell in the eastern portions of Washington and Oregon 
during the week ending November 22, which was very 


beneficial to wheat in that area, while the droughty con- 
ditions in California were somewhat relieved by addi- 
tional soil moisture the latter part of the month, 

There was sufficient moisture during most of the month 
for truck in the Southern States f ridley My Mississippi River 
eastward, and the warm weather favored growth, but 
deficient moisture was very unfavorable for garden and 
truck crops in Louisiana and Texas. The cutting and 
grinding of cane made rapid progress in the lower Mis- 
sissippi Valley under favorable weather conditions. 
Ranges were dry and poor throughout the month in the 
Southwest, including the lower Great Plains, with a 
scarcity of water supply for stock in many localities. 
The heavy snowfall and unusually cold weather were 
trying on stock also, during the middle portion of the 
month from eastern Washington eastward to Minnesota, 
with considerable suffering and shrinkage in some locali- 
ties. Stock continued in satisfactory condition in other 
districts. 

The weather was generally favorable for fruits and 
fruit trees, except that a severe glaze storm near the close 
did considerable damage to trees in New England, and 
cooler weather would have favored better development 
of citrus fruits in Florida. 
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CLIMATOLOGICAL TABLES.* 
CONDENSED CLIMATOLOGICAL SUMMARY. 


with dates of occurrence; 
by the several headings. 


the greatest and least monthly amounts are found by using all trustworthy records available. 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average en and total rainfall; the stations reporting the highest and lowest temperatures 
e stations reporting the greatest and least total precipitation; and other data as indica 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 


e mean departures from normal temperatures and precipitation are based only on records from stations that 


have 10 or more years of observations. course, the number of such records is smaller than the total number of 
Condensed climatological summary of temperature and precipitation by sections, November, 1921. 
Temperature. Precipitation. 
Monthly extremes, : Greatest monthly. Least monthly, 
Section. 
> ie 2 
A A 
°F. | °F. °F, °F. In. In. In. In 
58.3 | +4.0 | Clanton.............| 87 18 | Maple Grove........] 25 | 3.63 | +0.65 | Mentome............| 7.06 0.97 
52.7 | +1.5 | Avondale...........) 98 3 | Alpine............ «.|- 3 19 || 0.36 | —0.53 | Maricopa............| 7,55 0, 00 
54.9 | +3.4 | Mount Ida.......... 88| 17} 2stations.......... «.| 17] 12 || 5.53 | +1.96 | Searcy........ 13.77 1,10 
54.3 | +1.4 | San Bernardino.....| 98 3 | Portola..............|— 3| 18 || 1.44 | —1.37 | Crescent City........| 15,09 0, 00 
37.8 | +3.1 | 2stations............| 83 3t 18 || 0,59 | —0.18 | Silver Lake.........} 2.55 0, 00 
68.0 | +3.2 | Orlando............. 92 15 13 || 2.64 | +0.27 | Jupiter....... seveees| 6-41 0.00 
58. 1 18 13 || 3.87 | +1.22 | Ramburst...........| 848 1,20 
71.1 17 2t||10. 49 59. 32 0.00 
38. 2 3 19 || 2,92 9. 55 0,15 
42.6 6 12 || 3.74 11.18 0. 96 
.| 44.2 18 12 || 5.98 11.35 1,91 
.| 33.6 4 20 || 0.58 1.61 T. 
.| 43.8 4 23 || 0.07 1.23 0, 00 
.| 9.7 Greenville........... 12 |} 7.96 13. 07 3,78 
63.9 15 | Calhoun.............] 26 10 |j 2.22 5. 52 | 2 stations........ ooee} 040 
46.9 18 | Grantsville, Md.....| 15 | 13 || 4.30 6.59 | Chewsville, Md......| 2.57 
33.7 1 | Humboldt.......... —16 20 || 2.47 5.38 | Iron River.......... 0, 30 
23.2 3t| Itasca State Park....|—29 20 || 0.77 | —0.21 | Maple Plain......... 2. 21 osston 6. 06 
60. 2 14t| Moorhead........... 25 29 || 2.41 | —1.03 | Hernando........... 6. 54 0. 22 
45.6 5 | Houston............| 10 12 |} 2.82 | +0.40 | New Madrid.....,..| 11.73 0. 00 
30.0 5 | Kinread....... 19 || 1.76 7.05 0. 28 
36.7 6 | Gordon...... —10 18 |} 0.32 1,05 0, 00 
.| 44.0 2) Rye Patch..... —7 18 || 0.33 ..| 1.65 0, 00 
.| 35.4 19 | Presque Isle, Me —10| 27 || 5.86 | +2.29 estboro, Mass..... 9.64 | Waterbury, Conn...j 2,14 
44.3 18 | 2stations....... | 4.26 | +1.17 | Atlantic 6.69 | Long 2.79 
45.5 2 2stations...... 2 19 || 0.13 | —0.46 | Tyrone........... 1.27 | 40 stations........... 0,00 
.| 37.4 19 | Indian Lake........J— 3 8 |] 5.23 | +2,44 | Romulus......... ---| 8.55 1,57 
53.6 18 | 3 stations....... a 13 || 3.18 | +0.79 | Lumberton.........| 9.08 1,30 
20.9 3 | Howard........ 19 || 0.68 | +0.10 | Donnybrook........| 2.06 0.05 
42.9 18 | Green Hill.......... 13 || 5.66 | +2.99 | Clarington.......... 9. 91 2. 50 
§2.3 6 | 2stations...... 1.01 | —1.33 | Poteau............ 9.24 0. 00 
43.6 ina. 10t|| 7.02 | +2.72 | Government Camp..| 23.79 0, 23 
Pennsylvania......... 42.3 18 | West Bingham. 13 |] 5.75 | +3. 20 | Clearfield....... 9 14 2. 30 
South Carolina....... 56.9 18t| 2 stations 13 || 3.11 | +0,81 | Clemson College. .... 5.61 lil 
28.7 2 stations 19 || 0.59 | —0.10 | Lemmon............ 1.50 0.12 
§2.0 2 stations. 5.88 | +2.44 | Sewamee.......... 3.50 3. 85 
62.0 14 _ 0.95 | —1.44 | Denison........ 0,00 
41.0 3 eee 18 || 0.51 | —0.43 | Silver Lake.........| 194 0, 60 
.| 50.0 18t| Burkes Garden...... 11f|| 3.03 | +0.60 | Mount W 08 1,25 
39.7 Republic 19 || 6.51 | +0.93 | Silverton............ 26. 04 0.92 
46.1 18} Pickens............. 13 || 5.99 | +3.13 | Charleston.......... 8.81 | Romney...........-} 2.52 
29.3 1 | 3 stations 24} 20 1.29) —0.44 OF 2.81 | Iron River......... -| 053 
33. 2 5 | South Pass City.....|—18 18 || 0.91 | +0.29 | Moran...... as-sseces} 3-60} Green River........ -|. 0,07 
* For description of tables and charts, see REVIEW, January, 1921, p. 41. + Other dates also. 
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Taste 1.—Climatological data for Weather Bureau stations, November, 1921—Continued. 


2 4 
Elevation of Pressure Temperature of the air. 3 Precipitation. Wind. FS 
aq 
4 mum 
& jo je 3 a 3/3 gig is = 5|3 
Ft. | Ft.| Fi.| In. | In. In. | °F. Fi FoF. °F) °F) °F.) %i In. | In. Miles 0-10| In. | In. 
Northern Slope. 33. 01+ 0.8 67, 1.26|+ 0.4 6.3 
Havre... 11) 44) 27.36 30,08\+ .05, 25.8'— 4.8) 70) 3 19) 17 81 1.09/+ 0.3) 9) 4,646 sw. 28) sw, 30} 3} 7 7.8) 8.4) 0.0 
Helena. .. 4,110) 87) 112 25.77 30.07,— .03) 31.2'\— 1.5) 62) 3) 41 —13) 19} 22 67. 1.65)+ 0.9) 12) 4,902) sw. 35) sw. 26| 6) 24) 8.4) 23.8) 3.7 
Kalispell. . 2,973, 48) 56)...... 30.05;— .02) 30.3/— 1.7 54) 1) 37|—-12 19) 24) | 0.5) 12) 3,475) nw. | 22) mw. | 21) 3) 4 23)....) 18.3) 3.0 
Miles City. 2’ 371) 26) 48) 27.48 30.11/+ .04 30.8— 0.1) 70 3) 40/—15) 19) 22) 34 79, 2,23/4+- 1.6) 11) 4,080) se. 30) nw. 1! 10} 11) 9 5.1) 14,2) 2.5 
Rapid City -- 3,259) 50) 58) 26.60 30.11/+ .03 33.3)— 0.3) 72| 3|-45\— 3! 19] 22) 36 60 0.63)+ 0.2) 5,927) w. 36) n. 28) 3} 11) 16) 7. 6.6) 0.0 
Cheyenne. .. 6,088, 84) 101) 23.97 30.01\— .06, 3.7) 67) 4) 50 13, 18) 27; 36) 31 51 0.34\— 0.1) 9,095 w. 53) w. 11} 11) 5.2) Be T. 
Lander...... 5,372) 60) 68) 24.61 30.05\— .05 36.8/+ 8&1) 70) 3) 1 18) 23) 42 58 0.43\— 0.2) 4,002, sw. sw. 25, 9} 17) 4,49 4.7/0.0 
Sheridan.......... ../3,799, 10] 26.99, 30.10)...... | 29.6)......| 77) 3) 7) 19) 17| 51) 25 70, 1.38|...... 7| 3,125, nw. | 37) nw. | 26) 14) 12) 6.5) 13.2) 3.7 
Yellowstone Park..... 6,200, 11) 48) 23.83 30,06\+ .05 31.9'+ 2.6 42\— 22) 40] 26 66, 2.55)+ 1.1) 14) 6,089) s. 41| s. 22; 17| 6.9) 23.7) 8.8 
North Platte........ 2,821) 11) 27.12) 30.12|+ 04, 38.0\+ 2.9 76) 3) 52) 6) 22) 24 72, 0.04\— 0.4) 4,757, w. 32) nw. | 26) 10) 12 5.3| 0.1] 0.0 
Middie Slope. | 44.7/+ 3.0; | 59) 0. 0.7) | | 
5,292) 106) 113) 24.72) 30. 03, 43.7/+ 4.5) 72 3) 5F! 13) 19] 31) 33 22; 48 0.57; 0.0 3) 5,119) s 32; nw. | 26) 17) 8 5) 4.0) 6.5/0.0 
4,685) 80) 86) 25.29) 01) 42.8)+ 3.5) 77| 59} 19) 27 22} 53) 0.72)+ 0.4 2 3, 857) nw 30 nw. | 26) 15) 13) 2) 3.8 7.2) 0.0 
1,392} 50) 28. 58) 30, 09)+ -O1, 41.1/+ 1.2) 78| 5) 53; 13, 23) 29) 40) 34) 27) 67| 0.08\— 0.9) 2| 5,169) n. 36 nw. | 8| 12) 10) 5.7) T. | 0.0 
Dodge City............ 2, 509) 11) 51) 27.44 30.10'+ .03) 43.6/+ 3.1) 80; 4) 59) 9 23) 28) 49) 33) 24) 59 T. |— 0.6 0 6,150) nw 29 nw. | 26 21) 4; 5 2.5 T. | 0.0 
1, 139) 158} 28. 59) 30.04 — .04) 45.6/-+ 1.8) 80) 56) 20) 22) 35) 33) 38 31) 64; T. |— 1.2 0) 8,560) s. 38 s. 12) 15) 5) 10) 4.5) T. | 0.0 
Broken Arrow... ll; 29, 22) 30. 07}...... "50. 3)...... 80} 16) 63) 25, 10) 37; 1.28 -| 3) 9,106) n. 39, w. 8) 15 8) 4.3, 0.0) 0,0 
Muskogee. ............ 84) 4) 68} 24) 10) 40) 1. 26)...... 10] 16; 0.0/0.0 
Oklahoma City........|1,214) 10) 47) 28.77| 30.07|— 51.5\+ 3.6 84) 5) 65; 24 38, 41) 41) 33) 61, 0.33\- 1.9 1) 9,411) 42. s. 16 10} 4) 3.2) 0.0) 0.0 
Southern Slope. 55.8 + 4.8 47, 0.00/— 1.1 | 3.2 
1,738) 10) 52) 28.24) 30.06)— .01) 57.4/+ 4.8) 85 15| 72; 25) 19) 42) 46) 34) 50) 0.01/— 1.2) 1) 6,393) s. 27 23) 15} 6} 9) 3.9 0.0 
3,676, 10) 49) 26.29) 30.04/— .01) 51.0\+ 7.2) 80) 3) 67; 17) 19 44 39) 30) 56 0} 7,318) sw. 32) s. 12} 22) 8 0| 2.8 0.0 
944 64, 71/2 07) 30. 63.0/+ 3.7; 90) 14) 75) 40) 20) 51) 36)....)....) ----| 08 3 4,775) se. 31 n. 18) 15 8) 4.0 0} 0.0 
3, 75, 85| 26.40) 30.03) 51.6/4+ 3.5) 80} 21) 13] 19) 53] 37) 18) 34) T. |— 1.2 0} 4,586) s. 33, nw. | 18 20) 9 1) 2.3] 0.0) 0.0 
Southern Plateau. | 51.9+ 3.0 45) 0.5. | 2.1 
El Paso..............- 3, 762| 110) 133) 26.25) 30.04'+ .04) 54.4/+ 5] 69) 24) 19) 40, 41; 40) 22) 32) 0,22|— 0.41 3| 5,903, w. | 38 mw. | 18 21) 8 0.00.0 
(7,013) 57) 66) 23.28) 30.07/+ 43.0\+ 4.8) 65, 6) 55) 14 19) 31) 30) 30) 18 43) T. 0.8 0) 5,544) n. 33) sw. 17] 22] 6| 2) 2.1) T. | 0.0 
Flagstaff............-. 16,908) 10) 59) 23.41) 30.07\+ .05) 40.2)+ 5.6) 66) 8) 57) 7, 18) 23) 49 29]... w. 34) se. 16) 20) 0.0) 0.0 
Phoenix.......... ./1,108, 76; 81) 28.84) 30.00\+ .02) 60.9/+ 2.2) 89, 78 30) 19) 43) 44! 46, 36 49 0.04\— 0.9, 1) 2,954) 6. 19 w. 17| 21) 7} 2) 2.3) 00100 
tin 141] 9 “54, 29. 86| 30.01/+ .03) 63.2/+ 1.3) 89 4) 78} 36 19) 48, 38 50) 51) 0.00|— 0.3) 2,921) n. 22 w. | 28 23) 6 1) 1.9 0.0) 0.0 
Independence......... 3,957) 9 41) 26.06) 30.12)+ 49.8/+ 0.6, 75) 13) 65) 35, 38) 37) 21 38 |— 0.3! 0} 2,952) nw. | 25) sw. | 15] 21] 7| 2.3) 0010.0 
| 
Middle Plateau. 43.2)+ 3.7) 51, 0.42\~ 0.4 4.1 
4,532) 74) 81) 25.54) 30.12/+ .01) 45. 4.0| 74; 2} 60) 18) 30; 45] 35 23 48) 0.20/— 0.9) 4) 4,082) w. 37, w. 15) 15}.12} 3) 3.7) 2.3) 0.0 
6,090} 12) 20) 24.16) 30.10)...... | 68; 54) 14} 18; 38] 23) 35! 21! 38) 0.06|\— 0.8 1) 4,727] w 30, nw. | 16) 11) 3) 2.9) 0.0) 0.0 
Winnemucca.......... 4,344] 18) 56) 25.69} 30.14} .00| 41.0/+ 3.5] 74) 3) 58! 2} 18] 24) 55] 32) 22) 55) 0.64/— 0.1) 5,981] sw. | 33) sw. | 20] 13] 11) 5.2) T. | 0.0 
5,479, 43) 24.67) 30.09/+ 41.8/+ 2.8] 70) 4] 58} 8} 18] 25! 43) 30! 19) 50} 0,18|— 0.4) 3) 6,797) w. 41) s. 15] 21) 3) 2.6) T. | 0.0 
Salt Lake City........ 4, 360) 163] 203) 25. 69) 30.09}— .03} 45.9}+ 5.5) 67) 3} 55) 22! 18) 37) 27) 38) 29 55| 1.04/— 0.4) 6] 4,258) se. 30, sw. | 21) 11] 6] 13) 5.5) 4.9) 00 
Grand Junction ....... 4,602) 60 25.45) 30.08}  .00) 42.4) + 2.5) 66, 15) 20; 19 30, 37) 34) 25 58) 0,42|— 0.1, 4) 3,102) se. | 24 sw. | 16) 14) 9 7/ 4.5) 0.5) 0.0 
Northern Plateau. 41.5\+ 2.8 2.54\+ 1.2 7.2 
3,471} 48! 53) 26.46] 30.08]— .08) 39.7/4+ 4.8) 65) 3] 16] 17) 30) 35! 35] 30) 71) 2.47/+ 1.3) 12} 4,943) se. | 28) s. 22} 6] 18] 7.0) 8.6) 0.0 
2,739) 78) 27. 22} 30. 11|— .05} 44.7)4 5.1) 67) 4] 54) 24) 18) 35 31| 39} 31) 62) 3.27 + 2.4) 10) 3,361} se. | 32\ nw. | 25; 9} 7| 14) 6.3) 06) 00 
Lewiston. ............ 40) 48) 29.25) 30.07)— .05) 41.4)+ 0.5) 65) 1) 50) 22) 21) 33) 2.45\+ 1.1] 16) 1,798) e. 26) w. 30) 4) 6) 20) 7.6) 15.9] 0.0 
Pocatello............-- 4,477} 60) 68) 25.51) 30.08|\— .05| 42.4/+ 6.1) 63, 3) 52} 22) 18 33) 35, 28 62 0.2) 7.417] sw. | sw. | 19) 9} 10, 11/60) 0.1) 0.0 
Spokane. -..........-- 1,929} 101] 110) 27.97 .04) 36.8/— 0.5) 60) 6) 44\— 1) 19) 30, 26) 35) 32) 83, 2.40/+ 0.1) 14) 4,182) sw. | sw. | 25] 0) 5} 25) 8.7) 10.5) 0.0 
alla Walla.......... 991) 57, 28.98) 30.07|— .05| 43.9/+ 1.0) 67| 51) 15) 36) 32) 39) 34 3.91\+ 1.8) 14) 4,062) s. 30) sw. | 14] 4] 7| 19) 7.5) 19.9] 0.0 
4 
North Pacific Coast 
Region. ae 2.4 89 8.404 1.5 8.6 
North Head 75| 29.98}— .07| 49,2|+ 1.5) 67) 3) 53; 37) 17] 22} 48) 47) 93) 10.52\4+ 4.2) 23/13,179) s. 84) s. 21; 3] 22] 8.2 0.0 
Port Angeles 9.95} 29. 98)...... 42.0\+ 4.8 57) 4) 46) 27/ 21) 38) 16)....).. 6.35;+ 1.9} 22) 3,439) s 24) w. 11} 0} 1) 29) 95) 92) 00 
Seattle........... 125) 215! 2: . 88) 30. .03) 45.4/+ 0.8 61) 50; 28) 20) 41) 20 91) 6.60\+ 0.7) 22| 7,384) se. | s. 22| 0} 5] 25) 9.1) 7.3) 00 
acoma 3} 113} 3: . 7| 30.02|— 45.6\+ 1.5) 62| 4) 50) 29 21) 41) 21)... ---| 1.7 4, 699 0} 26) 8.5) 11.0) 0.0 
Tatoosh Island.. ‘| 88) 57| 29, 29.93/— .04) 46.5/+ 0.9) 62, 4) 50, 30, 20) 43) 20, 45) 43) 90) 12.02) 0.1 3, 0} 4} 26) 86) T. | 0.0 
Yakima 68 48, 6, 23 26) 35 of 9! 8] 13!....| 25.4) 6.0 
Portland, Oreg... 29. 88) 30.04|— .06) 48. 3.2 5) 54 20) 43) 44, 86) 10.04)4+ 3.6 1) 3) 26 89) 0.0, 0.0 
Roseburg 29. 55! 30.11;— .01) 49 8+ 4.2) 66) 6) 56) 33) 18) 44 47| 44 6. 2.1 0; 16) 14 7.2 0.0 
Middle Coast 54.64 11 | 73, 2.38\— 0.7 5.0 | 
y 52.014 1.0] 3} 58} 33) 18} 47) 32] 49) 47) 86) 6.21/+ 0. 20 7.7| 0.0; 0.0 
Point Reyes .| 490 . 55) 30.06 53.9!+ 0.9) 78) 4] 43) 18) 49) 15) 5.8} 0.0; 0.0 
Red Bluff........ 9. .00} 54.0/4+ 0.6} 84) 9} 66} 27| 19) 42) 41) 47) 39) 62) 1.52 9, 4.2} 0.0) 0.0 
Sacramento. ..... j 54.8'+ 1.4) 80, 6) 65) 31) 20) 44, 33) 49} 43) 68) 1.09) 8 3.3 0.0 
San Francisco 2.3; 79) 4| 64) bo 19} 52) 23) 52) 77) 1.43) 9 4.9) 0.0; 0.0 
, San Jose. ....--...-.-- 0.5) 85) 4) 68) 30) 20) 42) 1.65) 9 0.0; 0.0 
South Coast 2.3 62; 0.19 3.5 
Fresno..,........ 2.4} 85} 3] 69} 32) 18) 45) 47] 36) 52) 0.26 5) 3.1) 0.0) 0.0 
Los Angeles... 59 . 06 94) 3) 73) 45) 53) 34) 53] 46) 63) 0.05) 4) 3.4). 0.0) 0.0 
San Diego 62 . OF 1.4} 93) 3] 68) 45] 22) 52! 38) 54] 49) 73] 0.30 6) 3.7) 0.0) 0.0 
San Luis Obispo 32! 10 92| 72) 34} 21) 45] 4s} 48) 40) 61) 0.16 4, 3.8) 0.0, 0.0 
West Indies. 
San Juan, P.R.......) 82 5A; 29.91) 29.99} ...... FF. 8&| 20) 83) 70) 19) 73 4, 27 4.4) 0.0) 0.0 
Panama Canal. 
Alaska, 
Juneau........... 33. 2}...... 4; 1 14 20 29) 14 30} 22 66) 13 5.2 2.8) 0.0 
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Novemper, 1921. MONTHLY WEATHER REVIEW. 
TaBLE II.—Data furnished by the Canadian Meteorological Service, November, 1921. 
Pressure, Temperature of the Air. Precipitation. 
pao Station | Sea level M 
mean ation eve: ean 
Stations. sea level,| reduced | reduced . -¥ max.+ — Mean | Mean —_ 
Jan.1, | to mean | to mean trom mean frens maxi- mini- | Highest.| Lowest. ||. Total. from 
1919. normal. || ™in-+2 normal.| ™um mum. normal. 
Feet In In In °F °F °F °F °F 4 In In 
48 29.94 29.99} +0.04 34.9 —2.2 40.0 29.9 60 20 3.64| —1.80 13.0 
Halifax, 88 29.90 | 30.01 .00 35.8 —1.5 42.4 29, 1 63 15 | 7:64; +1,98 17.4 
65 29. 93 30.00 | — .02 37.9 —2.0 43,2 32.7 57 21 | 4.91 | +0.35 5.3 
Charlottetown, P. 38 | 29.97 30.01} + .05 32.6 —2.9 37.4 27.9 56 14 4.20; +0,23 8.3 
Chatham, N. 28 30. 01 30.03} + .06 28.4 —2.6 34.5 22.4 56 10 +0.27 35.2 
Father Point, 20 30. 03 30.05| + 25.6 —3.3 31.6 19.6 56 a 2.4%; —0.70 18,1 
296 29. 75 30.00} 27.7 —1.3 32.7 22.7 60 6 3.38) —0.45 23.2 
lontreal, Que... 187 29. 85 30.07 +.04]) 29.7 —2.1 34.6 24.8 64 12 3.07} —0.67 20.6 
236] 29.81} 30.09) +.07]/ -25| 362] 223 66 10 3.37)  +0.83 25.9 
Kingston, Ont. 29.74} 30.06; +.02) 34.1 —0.9 40.3 28.0 62 14 | 2.24, —1.00 9.8 
Toronto, Ont...........-. 379 29. 64 30.06} +.02) 36.3 +0.7 42.0 30.7 62 21 | 1.44) —170 7.5 
White River, Ont......2..........00ee008 1, 244 28, 68 30.04) + .06 16.5 —4.0 25.9 7.2 42 —19 2.21) +0.36 21.9 
Port Stanley, Ont...... 592 29, 40 30.06} + .01 36.6 —0.2 42.8 30. 4 56 20 3.58| +0. 21 4.7 
Southampton, Ont.. 656 35.4 +0.4 40.5 30.3 59 20 2.78 | —0.92 4.1 
Parry Sound, Ont.. 688 | 29.32) 30.03 | 30.2! —19 32.2 23,2 58 8 4.12} —0.25 8.8 
Port Arthur, Ont. 644 29, 37 30.11} + .11 22.3 +1,7 28.8 15.8 48 ~10 1,20} —0.13 10.9 
Winnipeg, Man..... 760} 24 30.11} + .07 18.2 +0.2 4.5 12.0 46 0.86} 0.22}; 
Minnedosa, 1,690 28. 20 30.11) + .07 14.8 —2.5 22,1 7.7 52 1.00 0.00 10.0 
Qu’Appelle, Sask................se0--00. 2,115 27. 69 30, 04 + .04 sty 
Swift Current, Sask. 2, 392 27.40; 30.13) 
Prince Albert, 1, 450 28. 43 30.07} + .04 
Battleford, 1,592} 28.22) 30.03/ +.01 
Barkorville, B. 4,180 }....... 
151 30. 01 30.17 | .12 +2.2 76.3 65.5 80 61 SEW 
SEISMOLOGICAL REPORTS FOR NOVEMBER, 1921. eas 
W. J. Humpnreys, Professor in Charge. 
[Weather Bureau, Jan. 3, 1922.] ra 
1.—Noninstrumental earthquake reports, November, 1921. 
Approxi- thtensity); Number 
Day. = Station. mate a Rossi- of — Sounds. Remarks. Observer. Bs 
wich latitude. | ‘tude. Forel. | shocks. 
civil. 
1921. | H. Pin 
2; B 33 58 | 118 28 4 4 due to guns at San | F. D. Young 
14 35 119 00 3 |... NOMO... | Western Union Kei 
17; 19 32 41 115 30 5 2 Cracked two buildings....:..... W.S. Pratt. es 
17 | 22 35 45) 117 15 2 1 Felt by several... H.de Ropp; R. W. Flory. 
17| 23 32 41 115 30 4 2 Felt bY many. W.S. Pratt. 
18 | 16 33 08 115 30 2-3 3 Felt by several. | J. 8. Davis. 
2] 7 32 41 | 115 30 2 1 Felt by Do. 
9 40 45 | 124 15 3 | L. B. Cooper. 
1} 15 35 | Greenwich.............. 38 30) 111 50 5 2 do. Felt by several. | W. L. Price 
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634 MONTHLY WEATHER REVIEW. Novemser, 1921 
TaBLE 2.—Instrumental seismological reports, November, 1921. 
Time used: Mean Greenwich, midnight to midnight. Nomenclature: International. 
[For significance of symbols, see REviEw for January, 1921, p. 47.] 
Amplitude. Amplitude. 
Char- Period Dis- Char- Period Dis- 
Date. acter. Phase.| Time. T. tance. Remarks. Date. acter. Phase.| Time. T, tance. Remarks. 
Az An As An 
Avaska. U.S.C. & G. 8. Magnetic Observatory, Sitka. District or CotumBia. U.S. Weather Bureau, Washington. 
1921 H.m. 8. | Sec. Km 1921. H.m.8.| Sec. Km. 
Cy....| 19 24 .. L.....| 19 40 of L not visible, 
Armwona. U.S.C. & G. 8S. Magnetic Observatory, Tucson. 4 
1921. | H.m.s.| Sec.| | | Km. .| 20 50 57 
Nov. 2 -| 2 52 24 RE PES ete g apparatus 20 54 00 
2 56 11 ERE Pens Be out of order. 20 57 08 
2 58 13 Probably in 21 00 14 
2 58 37 Mexico. 21 17 .. 
eos} 21 50 .. 
2 3 42 28 apparatus 
| 8 46 05 out of order. 
U.S. Weather Bureau, Chicago. 
| 4%... 
1921. H.m,s.| Sec. | “ | “ ™. 
Distaicr or Georgetown University, Washington. 18 15 68 Lost im micros. 
.| 16 29 30 
F 18 ca Lost in micros, 
410.. 
14 40 30 
_ 18 55 25 14 48 30 
Su-...| 19 06 32 14 59 10 
eLs?..| 19 27 42 15 04 15 
eLx...| 19 26 42 16 20 ca 
Ls....| 19 41 33 
----| 19 42 26 -| 18 56 07 
@p-....| 8 47 
On---.- 8 47 26 19 40 .. 
eLz?..| 8 52 31 22 ca Lost in micros, 
eLx?..| 8 52 36 
Le....| 85 8 46 50 4,100 
L 903 .. |. ccccee 
eL?...| 21 17 30 BD 
eLz. 21 17 12 
Dz....| 21 96 .. 
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U.S. C. & G. 8S. Magnetic Observatory, Cheltenham. Porto Rico. U.S.C. &G.S. Magnetic Observatory, Vieques. 
1921. H. 1921. H.m.s.| Sec. Km. 
PRiy.| 18 Nov. 11 |........ 19-25-00 | All of N and 
Sx....} 19 @n.....| 19 58 16 DD of E obscured by 
@p..... 19 Mg....| 20 15 06 - wind tremors. 
19 20 Cy. ...| 20 25 .. 
Mp....| 20 00 40 1... 99 
45.0.8. 000 My....| 8 49 O1 D Versace 
Sn....| 8 51 55 Cs. 8 51 .. 
My....| 8 54 07 ID |. 
15 20 49 50} No definite phases —U. 8: Weather Byregu, Northfald. 
20 59 04 
-| 21 02 38 1921 
.| 21 03 39 | 
‘| 21 03 50 | Wi Af 
-| 21 38 .. | om 
4) Canapa. Dominion Observatory, Ottawa. 
Missouri. St. Louis Observatory, St. Louis. 
1921. H. m. s.\ See. Km. 
-| 19 00 30 2 }*1,000 j.......!.......] Merges into next 2 |... 
-| 85842). 18 *5,000).......)....... separate reading. 
m....| 21 08 42 Le....| 16 59 .. 
Ms....| 21 22 48 Ls... 
My....| 21 23 30 Ls Fe 
21 44 .. 
F... 
* Trace amplitude. Micros on NS. eee 
Zone. Panama Canal, Balboa Heights. 
1921. H.m.s. | Sec. Km. 
Ss 8 44 36 L 20 20 17 
9 03 00 Ls. ..4 i; 
7 55 40, Direction SW? 9.010 | O at 20:37:17. 
83376—22-—4 
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Dominion Meteorological Service, Toronto. 


. Dominion Meteorological Service, Victoria. 


Novemser, 1921 


4 16 26 48 
16 33 06 
eL....| 17 04 18 
eL....| 17 05 48 
eL....| 17 19 42 
eL....| 17 30 30 
17 32 30 
eL?. 18 40 18 
18 46 54 
eL 15 04 30 
15 06 42 
eL....| 15 14 18 
F.....) 15 35 24 


eL.. 7 54 54 
02 

ye 8 09 48 
S.....| 21 06 00 
iSR1..| 21 02 30 
iSR2..| 21 07 48 
1 13 00 
21 15 00 
iL.....| 21 19 42 
1 22 54 
eL....| 21 31 00 
eL.. 22 01 00 
eL. 22 O8 12 
F.....| 22°32 18 
eL?...| 11 32 18? 
M?....| 11 33 06? 
eL....| 23 43 24 
| 23 47 48 
0 08 06 


Quake reported 
from Peru. Rec- 
ord suggests dual 
shock. 


Small quake lost 
attending to 
instrument. 


Very ual in- 
creas vibra- 
tions; distant. 

Appearance some- 
what similar to 


continuous local 
shocks. 


Micros. 


CANADA 

1921. H. m. 8 
3 11 24 
3 18 17 
3 55 09 

02 
418 46 
8?. 8 16 47 
8 24 39 
iM 8 40 53 
| F 9 29 34 
ae 17 35 02 
17 57 39 
16 12 56 
16 20 49 
16 30 38 
et 16 50 48 
ae 18 40 28 
14 45 34 
4 53 56 
P.....| 15 14 06 
18 49 O1 
19 00 20 
M.....| 19 26 53 
21 49 01 


*Trace amplitude. 


No earthquakes were recorded at the following stations 


during November, 1921: 
Cotorapo. Regis College, Denver. 
New York. 


ordham University, New York. 
Reports for November, 1921, have not been received 


from the following stations: 
Spring Hill College, Mobile. 


ALABAMA. 

CALIFORNIA 

Hawat. 
olulu. 


MASSACHUSETTS. 


sity, Ithaca. 


O 


U.S. 


Theosophical University, Point Loma. 
Magnetic Observatory, Hon- 


Harvard University, Cambridge. 
New York. Canisius College, Buffalo; Cornell Univer- 


. 
a 
1921. H.m.s. | Sec. | Km. Sec. Km. 
OU 
AL......| 21 02 18 | M.....] 735 S0}.......) 480 
| | 8 65 83 
oy 
| 
| 


> =x > > a < 
+ + 
| | | 
| | 
| 


9 10 11 12 13:14 15 16 17 18 1920 21 22 23 24 25 26 27 28 


10 11 12 1314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 


Obart I. Hydrographs of Several Principal Rivers, November, 1921. 
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PUBLICATIONS OF U, S. WEATHER BUREAU. 


For; the free publications of the Weather Bureau“a ly to “Chief, U. S. Weather Bureau, Washington, YD; Cs 
for the others apply to “Superintendent of Documents, Government Printing Office, Washington, D.C.” 
Subscriptions for Monraty Review are at $1.50 a year. Single copies, 15c. 


DETAILED CLIMATOLOGICAL DATA. 


Detailed climatological data for the United States and its outlying territories are collected and published in tne 
monthly reports, ‘Climatological Data,’’ issued at the Section Centers by the respective officials in charge. They 
may be secured from the Superintendent of Documents, Government Printing Office, ashington, D. C. 

wwA monthly volume, collecting under one cover all except Alaska, Hawai, and Porto Rico is issued, as above, at . 
35_cents < copy; or subscriptions per year, 12 monthly copies and annual summary, at $4. 

Single sections, 5 cents each, or one year, 50 cents. — : 
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Review, July, 1921: 
Pages 390-391, the author’s initials should read “L. C. W’’. 
Page 390, 2nd column, in the title of the article, change ‘‘ Element” 
to “Elements and’’. 
Page 390, 2nd column, 18th line from bottom, change “ phases or” 
to “phases 
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Review, july, 1921—Continued. 
= , 2nd column, 26th line from top, omit “of” after word 
use’, 

Page a column, 35th line from top, for “activities” read: ~ 
activitv”’ 

393, 2nd column, 7th line from end of article, “conventional” — 
should ‘read ““convectional’’. ‘ 
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